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THURSDAY,  APRIL  25,  1S85 

House  of  Representatives, 
Committee  on  Science  and  Technology, 

Task  Force  on  Science  Poucy, 

Washington,  DC. 

The  task  force  met,  pursuant  to  notice,  at  9:06  a.m.,  in  room 
2318,  Rayburn  House  Office  Building,  Hon.  Don  Fuqua  (chairman 
of  the  task  force)  presiding. 

Mr.  Fuqua.  Good  morning,  ladies  and  gentlemen. 

Today's  hearing  is  the  first  in  a  series  of  four  Science  Policy  Task 
Force  hearings  on  international  cooperation  in  science.  The  focus  of 
tnis  hearing  is  international  cooperation  in  big  science,  as  personi- 
fied by  the  field  of  high  energy  physics. 

It  has  often  been  asserted  that  elementary  particle  physics  has  a 
number  of  features  that  make  it  a  natural  for  international  col- 
laboration. The  problems  pursued  are  of  a  truly  fundamental 
nature,  and  the  aims  are  deeply  cultural  and  remote  from  the  in- 
terests of  economic  gain  or  military  use. 

These  features  result  in  openness  of  communications  among  re- 
searchers in  the  field  and  ease  of  publication  in  journals  circulated 
worldwide.  Such  openness  naturally  encourages  competitiveness  on 
an  international  scale. 

Exploration  of  the  fundamental  constituents  of  matter  and  the 
fundamental  forces  of  nature  requires  the  use  of  large  and  expen- 
sive accelerator  complexes.  The  next  generation  of  high  energy 
physics  facilities  may  well  cost  several  billion  dollars  each  and 
could  be  too  expensive  for  a  single  nation  to  construct  and  operate 
on  its  own. 

Indeed,  of  particular  interest  to  our  task  force  is  the  question: 
What  is  the  past  experience  and  future  prospects  for  international 
costehanng  of  the  next  generation  of  high  energy  physics  facilities, 
both  m  terms  of  construction  and  in  operation? 

Today  we  have  a  number  of  distinguished  witnesses  who  will  ad- 
dress this  and  other  issues  concerning  international  cooperation, 
we  will  hear  of  the  status  and  plans  of  the  world's  major  high 
energy  physics  programs  and  facilities,  including  the  Japanese  Na- 
tional Laboratory  for  High  Energy  Physics,  the  German  Electron 
bynchrotron  Laboratory,  and  the  European  Laboratory  for  Particle 
Physics. 
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Also  represented  here  are  the  U.S.  programs  at  Fermi  National 
Accelerator  Laboratory,  the  Stanford  Linear  Accelerator  Center, 
Brookhaven  National  Laboratory,  and  Cornell  University. 

We  will  also  receive  testimony  concerning  current  international 
planning  activities,  including  those  of  the  Summit  Working  Group 
on  High  Energy  Physics,  the  European  Committee  for  Future  Ac- 
celerators, and  the  International  Committee  for  Future  Accelera- 
tors. 

Finally,  I  might  note  that  in  addition  to  our  group  of  distin- 
guished witnesses,  we  also  have  a  group  of  distinguished  discuss- 
ants who  will  offer  their  perspectives  in  the  questioning  period  fol- 
lowing the  formal  presentations. 

I  would  yield  to  Mr.  Lujan  for  any  comments  that  he  wishes  to 
make. 

Mr.  Lujan.  Thank  you;  Mr.  Chairman. 

It  is  indeed  a  great  pleasure  to  have  a  panel  as  distinguished  as 
we  have.  One  of  the  concerns — and  you  have  mentioned  it  al- 
ready—is what  do  we  do  about  these  more  expensive  machines  that 
we  need  to  carry  on  this  research  that  requires  higher  and  higher 
energy  all  of  the  time?  I  would  be  very  interested  in  the  witnesses' 
views  of  international  cooperative  venturer. 

So  I  look  forward  to  this  hearing,  Mr.  Chairman,  and  I  ask  unan- 
imous consent  to  include  in  the  record  a  statement  at  this  point. 

Mr.  Fuqua.  Without  objection,  it  will  be  made  part  of  the  record. 

[The  prepared  opening  statement  of  Mr.  Lugan  follows:] 

Opening  Remarks  of  Hon.  Manuel  Lujan,  Jr.,  Science  Policy  Task  Force 

I  first  want  to  join  Chairman  Fuqua  in  welcoming  our  distinguished  international 
guests. 

While  research  in  the  field  of  elementary  particle  physics  is  a  fascinating  but 
highly  esoteric  subject  to  us  laymen,  I  know  that  the  members  of  our  task  force  will 
have  no  difficulty  in  fully  appreciating  the  funding  requirements  for  supporting  this 
research.  And  as  higher  and  higher  energies  are  required  to  probe  ever  deeper  into 
the  substructure  of  the  atom,  higher  and  higher  appropriations  are  required  to  pro- 
vide the  necessary  support  in  facilities,  equipment  and  personnel.  Indeed,  we  are 
now  beginning  to  look  at  spending  several  billion  dollars  for  the  next-generation 
particle  accelerator,  the  Superconducting  Super  Collider.  Without  belaboring  the 
point,  because  it  is  not  my  intent  to  demean  the  essential  nature  of  this  research  by 
only  discussing  its  cost,  I  think  we  can  all  see  that  the  need  for  international,  indus- 
trial, regional  and  State  collaboration  in  constructing  and  operating  such  large  sci- 
entific projects  becomes  not  just  desirable  but  perhaps  essential. 

Our  guests  today  are  uniquely  qualified  to  provide  our  science  study  with  some 
invaluable  insights  into  past  and  future  prospects  for  international  collaboration  in 
high  energy  physics.  I  look  forward  to  their  testimony. 

Mr.  Fuqua.  Let  me  advise  our  panelists  that  in  this  field  of 
modem-day  technology,  you  have  two  different  types  of  micro- 
phones. One  of  this  type  is  for  the  audio  in  this  room;  the  other 
smaller  microphone  is  for  the  reporter  so  that  they  can  make  an 
accurate  transcript  of  the  hearing.  So,  when  you  spieak,  if  you  will 
have  both  close  by,  and  W3  will  have  to  pass  them  back  and  forth 
to  ensure  that  not  only  the  audio  in  the  room  is  adequate,  but  also 
that  it  is  appropriately  carried  so  that  the  reporter  can  record  all 
of  it. 

We  begin  with  Dr.  Ozaki,  the  chief  director  of  the  TRISTAN 
project  at  the  Japanese  National  Laboratory  for  High  Energy  Phys- 
ics, and  we  will  be  pleased  to  hear  from  you  at  this  time. 
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[A  biographical  sketch  of  Dr.  Ozaki  follows:] 


Name:  Satoehi  Ozaki. 

Current  address:  746  Takezono  3,  Sakura,  Niihari,  Ibaraki,  Japan. 
Date  and  place  of  birth:  July  4,  1929,  Osaka,  Japan. 


education 


School,  location,  dates  attended,  and  degree: 
MIT.  Cambridge,  MA  9/55-5/59,  Ph.D.,  j^hysics. 
Osaka  University,  Osaka,  Japan,  4/53-8/55,  M.S.,  physics. 
Osaka  University,  Osaka,  Japan,  4/49-3/53,  B.S.,  physics. 
Academic  honors:  Fulbright  Grant— '55-'57. 


American  Physical  Society,  Physical  Society  of  Japan: 
Date  and  title: 

4/83-present— Chief  Director,  TRISTAN  Project,  KfiK. 
1/81-3/83— Director,  Physics  Dept.,  KEK. 

1/81-present—  Professor,  National  Lab.  for  High  Energy  Physics  (KEK),  Physics 


Study  of  high  energy  particle  interaction;  particle  spectroscopy,  high  enerey  phys- 
ics instrumentation.  r  J 


DR.  SATOSHI  OZAKI,  CHIEF  DIRECTOR,  TRISTAN  PROJECT,  JAPA- 
NESE NATIONAL  LABORATORY  FOR  HIGH  ENERGY  PHYSICS 
[KEK]  TSUKUBA  SCIENCE  CITY,  JAPAN 

Dr.  Ozaki.  Honorable  chairman,  Mr.  Fuqua,  and  members  of  the 
committee,  it  is  my  great  pleasure  to  be  here  to  present  to  you  the 
current  status  of  the  High  Energy  Physics  Program  in  Japan,  par- 
ticularly  of  the  National  Laboratory  for  High  Energy  Physics, 
which  is  commonly  called  KEK,  standing  for— Japanese  phrase— in 
Japanese. 

The  director-general  of  our  laboratory,  Dr.  Nishikawa,  regrets 
that  a  previous  engagement  prevents  him  from  being  in  Washing- 
ton, DC,  at  this  time.  I  am  the  chief  director  of  the  TRISTAN 
project,  Satoshi  Ozaki,  here  to  make  a  presentation  in  his  stead. 

The  high  energy  physics  activity  in  Japan  began  only  in  1961 
with  completion  of  a  1.3  GeV  electron  synchrotron  in  the  Institute 
for  .  jclear  Study  in  Tokyo  University.  With  this  as  a  staging 
point, .  m^jor  step  was  made  toward  the  active  High  Energy  Phys- 
ics Program  there  in  1971  by  the  establishment  of  the  KEK— that 
is  our  laboratory— where  the  construction  of  a  12  GeV  proton  accel- 
erator was  authorized  by  the  Government. 

This  accelerator  was  completed  in  1976,  and  an  experimental 
high  energy  physics  program  made  real  progress  in  Japan  in  the 
following  year,  approximately  20  years  behind  that  in  the  United 


MEMBERSHIP  IN  ORGANIZATIONS 


7/63-6/66— Associate  Physicist,  National  Lab.(  Physics  Dept. 
7/61-6/63— Assistant  Physicist,  National  Lab.,  Physics  Dept. 
7/59-6/61— Research  Associate,  National  Lab.,  Physics  Dept. 
9/56-6/59— Research  Assistant,  MIT,  Physics  Dept. 
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KEK,  by  the  way,  is  operated  under  the  direct  administration  of 
MONBUSHO,  the  Ministry  of  Education,  Science  and  Culture,  and 
is  established  as  an  interuniversity  research  center  for  high  energy 
physics  which  provides  a  mayor  research  tool  to  users  from  univer- 
sities and  other  institutions.  It  also  provides  users  with  support 
necessary  to  run  the  experiment  and  carry  out  data  analysis  and 
operating  costs. 

The  laboratory  is  located  at  the  northern  part  of  the  Tsukuba 
Science  City  and  is  approximately  70  kilometer*  due  north  of 
Tokyo.  Its  site  measures  about  1  kilometer  in  east-west  and  about  2 
kilometers  in  north-south.  Incidentally,  I  have  provided  a  pamphlet 
with  a  picture  in  front,  and  on  the  front  page,  I  show  the  entire 
laboratory  site. 

The  laboratory,  since  its  establishment,  has  made  rapid  progress 
in  two  directions.  While  engaging  in  an  active  program  of  high 
energy  physics  research  with  the  proton  synchrotron,  the  laborato- 
ry on  one  hand  has  made  a  significant  step  toward  an  application 
of  accelerators  to  non-high  energy  physics  research. 

For  instance,  construction  of  a  facility  to  utilize  the  500  MeV 
pulsed  proton  beam  from  a  high  repetition  booster  synchrotron  for 
the  above-mentioned  synchrotron  was  installed  in  1978.  The  pulsed 
neutron  and  the  meson  beams  thus  obtained  opened  a  new  method 
of  study  of  condensed  matter.  Investigation  snowed  that  the  irra- 
diation of  a  malignant  tumor  by  an  intense  proton  beam  gave  many 
favorable  results. 

On  the  other  side,  an  accelerator  complex  which  includes  a  400- 
meter-long  electron  linear  accelerator,  which  you  can  see  in  the 
picture,  and  a  2.5  GeV  electron  storage  ring  was  built  which  is 
dedicated  for  research  using  synchrotron  radiation,  and  that  was 
commissioned  in  1983. 

The  synchrotron  radiation,  as  is  well  known,  provides  an  intense 
pencil  beam  light  with  a  continuous  spectrum  ranging  from  visible  to 
x-ray  and  is  very  useful  for  research  in  the  fields  of  solid  state 
physics,  biophysics,  microanalysis,  microlithography,  and  so  on. 
Lately,  its  importance  in  new  technologies,  such  as  R&D  for  the 
super-lar^e  scale  integrated  circuits,  study  of  catalysts,  and  medical 
application  for  the  diagnosis  of  blood  circulation,  was  recognized 
widely. 

In  the  other  direction,  KEK  is  making  a  strong  effort  toward 
reaching  an  energy  frontier  in  elementary  particle  interactions  in 
pursuit  of  an  ultimate  understanding  of  matter;  this  is,  high 
energy  physics.  This  effort  is  called  TRISTAN,  which  I  am  direct- 
ing. 

In  this  project,  an  electron-positron  colliding  beam  accelerator 
with  a  circumference  of  3  kilometers  is  being  built.  This  proiect 
began  in  1981  as  a  5-yea;  project  with  a  total  budget  of  85  rillion 
yen,  which  is  appnrtimately  $340  million,  including  civil  construc- 
tion, accelerator  components  and  detectors,  but  excluding  salaries. 
The  salary  account  is  separate  in  Japan. 

The  total  number  of  staff  members  at  the  laboratory  is  approxi- 
mately 500  at  the  moment  and  is  quite  small  compared  to  that  at 
comparable  European  and  U.S.  laboratories. 

However,  close  cooperation  with  the  leading  industries  there  has 
made  it  possible  for  us  to  carry  out  our  mission  to  date,  and  this 
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cooperation,  so  to  speak,  has  been  the  special  characteristic  of  Jap- 
anese accelerator  projects.  This  type  of  cooperation,  by  the  way,  we 
believe  is  indispensable  for  the  future  super-large-scale  accelerator 
project. 

At  the  same  time,  we  believe  that  the  advancement  of  the  tech- 
nological frontier  and  the  basic  science  frontier  are  in  a  relation- 
ship  like  that  of  the  chicken  and  the  egg,  and  both  frontiers  ad- 
vance hand  in  hand.  This  has  been  the  way  our  director,  Ni- 
shikawa,  has  been  thinking  all  along. 

Now,  getting  back  to  TRISTAN,  with  a  nominal  collision  energy 
of  30  GeV  on  30  GeV  and  anticipated  luminosity  which  is  2x10" 
cm'2  sec1,  this  collider  will  become  the  world's  highest  energy  elec- 
tron storage  ring  when  it  is  completed  in  late  1986,  opening  a  new 
energy  regime  to  be  explored. 

Coupled  with  this  project,  intensive  research  and  development  of 
advanced  technology  related  to  the  accelerator  and  detector  is 
being  carried  out  by  the  laboratory  in  collaboration  with  industry 
and  also  the  other  laboratories  in  foreign  lands.  This  includes  the 
work  on  superconducting  magnets,  superconducting  radio  frequen- 
cy cavities,  superhigh  vacuum  components,  and  so  on. 

Taking  the  spirit  of  ICFA,  the  International  Committee  for 
Future  Accelerators,  which  stated  that  a  m^or  accelerator  in  any 
region  be  open  to  the  researchers  of  other  nations,  we  intended  to 
make  this  TRISTAN  collider  available  to  the  worldwide  community 
of  high  energy  physicists  from  the  beginning. 

As  such,  we  have  not  only  invited  the  research  groups  abroad  to 
propose  experiments  at  TRISTAN  but  also  have  had  one  prominent 
physicist  each  from  the  United  States  and  from  Europe  on  our  9- 
member  program  advisory  committee  to  evaluate  the  proposals. 
„  We  are  happy  to  note  that  two  of  the  four  experiments  at  TRIS- 
TAN are  by  international  collaboration.  Namely,  one  experiment 
called  AMY  is  a  collaboration  of  groups  from  the  United  States, 
Japan,  China,  and  Korea.  In  this  case,  magcr  support  is  provided  by 
the  first  two,  namely,  the  United  States  and  Japan.  The  other  ex- 
periment, though  it  is  quite  small  in  scale,  is  primarily  by  a  team 
from  the  United  States. 

Well,  as  it  is  well  known,  the  field  of  high  energy  physics  is  quite 
international,  and  scientists  visit  foreign  laboratories  for  the  sake 
of  their  research.  We  are  happy  to  note  that  the  KEK  has  received 
in  the  past  5  years  99  scientists  for  a  variety  of  stays  ranging  from 
1  month  to  4  years  for  their  research. 

In  addition,  Japan  has  two  formal  agreements  of  international 
cooperation  in  the  field  of  high  energy  physics,  one  of  which  is  by 
an  implementing  arrangement  signed  on  November  11,  1979,  by 
the  U.S.  Department  of  Energy  and  MONBU3HO,  which  is  our 
agency. 

This  program  has  annual  funding  from  the  Japanese  Govern- 
ment of  about  1.5  billion  yen— which  is  $6  to  $7  million,  depending 
on  the  exchange  rate  at  the  time— for  direct  support  of  the  experi- 
mental Prc^ram  at  the  U.S.  laboratories  and  accelerator  and  detec- 

♦  J^T.  V?*5  program  allowed  Japanese  scientists  to  cooperate 
with  their  U.S.  counterparts  in  the  experiments  at  SLAC,  Fermi- 
lab,  and  BNL,  and  produc  xl  many  successful  results. 
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In  this  regard,  I  wish  to  express  our  sincere  appreciation  for  the 
hospitality  given  to  the  Japanese  participants  by  U.S.  laboratories 
and  the  understanding  shown  by  U.S.  science  authorities. 

The  other  cooperation  is  by  an  agreement  between  the  Universi- 
ty of  Tokyo  and  CERN  in  which  Japanese  scientists  will  collaborate 
in  an  experimental  project  for  LEP  at  CERN. 

Now,  at  present,  the  high  energy  physics  community  of  Japan  is 
directing  its  full  efforts  toward  the  ongoing  program,  namely  the 
completion  of  the  TRISTAN  project  cn  time,  a  resumption  of  the  12 
GeV  protcn  synchrotron  program,  which  was  shut  down  for  about 
a  year,  and  the  collaboration  with  the  U.S.  laboratories  and  CERN 
and  also  with  DESY. 

The  scientists,  however,  began  to  discuss  the  course  which  the 
High  Energy  Physics  Program  of  Japan  should  take  after  the  TRIS- 
TAN Research  Program  is  going,  namely  in  the  1990*8  and  beyond. 
The  discussion  is  being  made  by  a  working  group  on  the  long-term 
planning  which  was  established  last  year  and  which  is  made  up  of 
young  scientists  who  are  expected  to  be  active  in  the  1990's. 

Needless  to  say,  the  working  group  is  considering,  as  one  of  the 
further  possibilities,  participation  by  Japanese  scientists  in  the  ex- 
perimental program  at  the  Superconducting  Super  Collider,  which 
is  being  discussed  here  as  the  future  of  the  United  States. 

Thank  you,  gentlemen. 

[The  prepared  statement  of  Dr.  Ozaki  follows:] 

Prepared  Statement  or  Dr.  Ozaxi 

Honorable  chairman*  Mr.  Fuqua  and  the  members  of  the  committee,  it  rs  with  my 
great  pleasure  to  be  here  to  present  the  current  status  of  the  high  energy  physics 
program  of  Japan,  particularly  of  the  National  Laboratory  for  High  Energy  Physics 
which  is  commonly  called  "KEK".  The  Director-General  of  cur  laboratory,  Dr.  Tet- 
suji  Nishikawa  regrets  that  a  previous  engagement  prevents  him  from  being  in 
Washington  DC  at  this  time,  and  I,  Prof.  Ozeki,  the  Chief  Director  of  TRISTAN 
project  on  which  I  shall  refer  later,  am  to  present  this  address  in  his  stead. 

The  high  energy  physics  activity  in  Japan  J>egan  only  in  1961  with  completion  of  a 
1.3  GeV  electron  synchrotron  in  the  Institute  tor  Nuclear  Study  in  Tokyo  Universi- 
ty. With  this  as  a  staging  point,  a  major  step  was  made  toward  an  active  high 
energy  physics  program  there  in  1971  by  an  establishment  of  KEK,  where  the  con- 
struction of  12  GeV  proton  synchrotron  was  authorized  by  the  government.  This  ac- 
celerator was  completed  in  1976  and  an  experimental  high  energy  physics  program 
made  progress  in  Japan  in  the  following  year,  approximately  20  years  behind  that 
in  the  U.S.,  taking  tor  instance,  the  3  GeV  proton  synchrotron  at  BNL,  COSMO- 
TRON,  as  the  time  marker.  KEK  is  operated  under  a  direct  adniinistration  of  MON* 
BUSHO,  the  Ministry  of  Education,  Science  and  Culture,  and  is  established  as  an 
interuniversity  research  center  for  high  energy  physics  which  provides  a  major  re- 
search tools  to  users  from  universities  and  other  institutions.  It  also  provides  users 
with  support  necessary  to  run  the  experiment  and  carry  out  data  analysis.  The 
laboratory  is  located  at  the  northern  part  of  the  Tsukuba  Science  City  and  is  ap- 
proximately 70  kilometer  due  north  of  Tokyo.  Its  site  measures  about  1  kilometer  in 
east- west  and  about  2  kilometers  in  north-south. 

The  laboratory,  since  then,  has  made  a  rapid  further  progress  in  two  directions. 
While  engaging  in  an  active  program  of  high  t^ergy  physics  research  with  the  12 
GeV  Proton  Synchrotron,  the  laboratory  on  one  hand  has  made  a  significant  step 
towards  an  application  of  accelerators  to  non*high  energy  physics  research.  I>r  in* 
stance^ construction  of  a  facility  to  utilize  500  MeV  pulsed  proton  beam  from  a  high 
repetition  iniector  synchrotron  for  the  machine  mentioned  above  was  initiated  in 
1978.  The  pulsed  neutron  and  meson  beams  thus  obtained  opened  a  new  method  for 
the  studies  of  condensed  matter  and  etc.  An  investigation  showed  that  the  irradia- 
tion of  malignant  tumors  by  intense  proton  beam  gave  many  favorable  results.  An 
accelerator  complex  which  includes  a  400  meter  long  electron  linear  accelerator  and 
a  2.5  GeV  electron  storage  ring,  dedicated  for  a  generation  of  synchrotron  radiation 
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was  commissioned  in  1983.  The  synchrotron  radiation,  as  is  well  known,  provides  an 
intense  pencil  beam  light  with  a  continuous  spectrum  ranging  from  visible  light  to  X 
ray  and  is  very  useful  for  researchers  in  the  fields  of  sold  state  physics,  biophysics, 
microanalysis,  microhthography,  and  so  on.  Lately,  its  importance  in  the  new 
technology,  such  as  a  R&D  of  super  large  scale  integrated  circuits,  a  study  of  catalysts 
and  a  medical  application  for  diagnosis  ofb'ood  circulation  was  recognized  widely 

In  the  other  direction,  KEK  is  making  a  strong  effort  towards  reaching  an  energy 
frontier  m  elementary  particle  interactions,  in  pursuit  of  an  ultimate  understanding 
or  the  matter,  i.e.  high  energy  phvsics.  This  effort  is  called  the  'TRISTAN"  project  in 
which  an  elertron-positron^colliding  beam  accelerator  with  the  circumference  of  3 
kilometers  is  being  built  This  project  began  in  1981  as  a  five  year  project  with  its 
total  budget  of  85  billion  yen  (340  million  dollars)  including  civil  construction,  accel- 
erator components  and  detectors  but  excluding  the  staff  wages. 

The  total  number  of  staff  members  at  thelaboratory  is  approximately  500  and  is 
quite  small  compared  to  that  at  comparable  European  and  the  U.S.  laboratories 
However,  a  close  cooperation  with  leading  industries  there  has  made  it  possible  for 
us  to  carry  out  our  mission  to  date,  and  this  cooperation,  so  to  speak,  has  been  the 
special  characteristic  of  Japanese  accelerator  projects.  This  type  of  cooperation,  we 
believe,  is  indispensable  for  a  future  super  large  scale  accelerator  project  At  the 
same  time,  we  believe  that  an  advancement  of  technological  frontier  and  basic-sci- 
ence frontier  are  in  a  relationship  like  that  of  chicken  and  egg,  and  both  frontiers 
shiSwl  T11*  ba*  been  i  philosophy  of  ourDirector-General  Ni- 

r^it^Aa.£?nlnal  c?11^011  en,ei«y  of  30  GeV  on  30  GeV  and  anticipated  luminosity 
ot  2xlO'Hnn  'sec"1,  this  collider  will  become  the  world  highest  energy  electron 
storage  ring  when  it  is  completed  in  late  1986.  Coupled  with  this  project  an  inten- 
"JJ  j«^b  and  develonment  of  advanced  technology  related  to  the  accelerator 
and  detector  is  being  carried  out  by  the  laboratory  in  collaboration  with  industries, 
inis  includes  the  work  on  superconducting  magnets,  superconducting  radio  frequen- 
cy cavities,  super-high  vacuum  components,  naming  a  few. 

Taking  the  spirit  of  ICFA,  International  Committee  for  Future  Accelerators, 
which  stated  that  a  major  accelerator  in  any  region  be  open  to  the  researchers  of 
other  countries,  we  intended  to  make  this  collider  available  to  the  worldwide  com- 
munity of  the  high  energy  physicists.  As  such,  we  have  not  only  invited  research 
groups  abroad  to  propose  an  experiment  at  TRISTAN,  but  also  have  had  one  promi- 
nent physicist  each  from  the  U.S.  and  from  Europe  in  our  nine-member  Program 
Advisory  Committee  to  evaluate  the  proposal.  We  are  happy  to  note  that  two  of  four 
experiments  at  TRISTAN  are  by  international  collaboration.  Namely,  one  experi- 
ment called  AMY  is  by  a  collaboration  of  groups  from  the  United  Stages,  Japan, 
China  and  Korea,  major  support  being  provided  by  the  first  two.  The  other  experi- 
ment though  it  is  quite  small  compared  to  the  other  three,  is  mainly  by  a  team 
from  the  United  States. 

As  it  is  well  known,  the  field  of  high  energy  physics  is  quite  international  and 

^nfww  ?rlkf2re5gn  ^2?*  .for  *he  research.  We™  happy  to 

note  that  KEK  has  received  99  scientists  from  foreign  lands  in  the  past  five  years 

u  ?f       for  research  ranging  from  1  month  to  4  years.  In  addition, 

Japan  has  two  formal  programs  of  international  cooperation  in  the  field  of  high 
W  •  YP*  °l  wh*ch  is  by  an  implementing  arrangement  signed  on  Novem- 

ber U,  1979  by  U.S.  Department  of  Energy  and  MONBUSHO.  This  arrangement^ 
under  an  umbrella  agreement  between  the  two  governments  on  a  cooperation  in  re- 
search and  development  of  energy  related  technologies  signed  by  the  U.S.  President 
and  the  Japanese  Prime  Minister  in  1979.  This  program,  with  an  annual  funding 
from  the  Japanese  government  of  about  1.5  billion  yen  (6  to  7  million  dollars  de- 
f?STfLon*  •  change  rate)  for  direct  support  of  experimental  program  at  the 
ia50r?tone8  ^4  accelerator  and  detector  R  and  D  program,  allowed  Japanese 
scientists  to I  cooperate  with  their  U.S.  counterparts  in  the  experiments  at  SLAC, 
FNAL  and  BNL  and  produced  many  successful  results.  In  this  regard,  I  wish  to  ex- 
press our  sincere  appreciation  for  the  hospitality  given  to  Japanese  participants  by 
U.b.  laboratories ^and I  imders^dmg  shown  by  U.S.  science  authorities.  The  dther  m 
by  an  agreement  between  the  University  of  Tokyo  and  CERN  in  which  Japanese 
scientists  will  collaborate  m  the  OPAL  detector  project  for  LEP  at  CERN. 

At  present,  the  high  energy  physics  community  of  Japan  is  directing  its  full  ef- 
forts toward  the  on^omg  program,  i.e.  the  completion  of  the  TRISTAN  project  in 

FiSfT  .0?  ^£12  proton  synchrotron  program  and  the  collaboration 
with  U.b.  laboratories.  The  scientists,  however,  began  to  discuss  the  course  the  high 
?n^BiPhy8¥t  Pro*™50f  Japan  should  take  after  TRISTAN  research  program,^ 
in  1990  s  and  beyond.  The  discussion  is  being  made  by  a  working  group  on  the  long 
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term  planning  which  was  established  last  summer,  and  made  up  of  young  scientists 
who  are  expected  to  remain  active  in  late  1990*8.  Needless  to  say,  the  working  group 
is  considering  as  one  of  the  further  possibilities  a  participation  by  Japanese  scien- 
tists in  the  experimental  program  at  the  Superconducting  Super  Collider,  which  is 
being  discussed  here  as  the  future  program  for  the  United  S+ates. 
Thank  you. 

Mr.  Fuqua.  Thank  you  very  much. 

Before  we  have  our  next  presenter,  I  would  like  to  recognize  two 
very  distinguished  people  in  our  audience.  First  is  Prof.  Sam  Ting, 
who  shared  the  Nobel  prize  wi'h  one  of  our  later  discussants,  Dr. 
Richter  of  SLAC.  Also,  we  have  the  former  director  of  the  National 
Science  Foundation  and  a  very  fine  scientist  himself,  Dr.  Ed 
Ttnapp.  Dr.  Knapp,  we  are  glad  to  have  both  of  you  here  today. 

Our  next  presenter  will  be  Professor  Soergel  from  the  German 
Electron  Synchrotron  Laboratory,  DESY,  in  Hamburg,  in  the  Fed- 
eral Republic  of  Germany.  Dr.  Soergel,  we  are  very  glad  to  wel- 
come you  here. 

I  might  say,  too,  that  we  will  make  the  statements  part  of  the 
record.  If  you  wish  to  summarize,  if  that  takes  less  *lme — if  it  takes 
more  time  to  summarize,  then  we  would  prefer  that  you  stick  with 
the  prepared  remarks.  [Laughter.] 

STATEMENT  OF  PROF.  VOLKER  SOERGEL,  DIRECTOR,  GERMAN 
ELECTRON  SYNCHROTRON  LABORATORY  [DESY]  HAMBURG, 
FEDERAL  REPUBLIC  OF  GERMANY 

Professor  Soergel.  I  would  like  to  summarize  but  using  the  Vu- 
Graph.  Is  this  possible? 

Mr.  Fuqua.  Yes,  fine.  That  would  be  great. 

Professor  Soergel.  It  may  save  some  time. 

Mr.  Chairman,  Representatives,  ladies  and  gentlemen,  I  am  hon- 
ored and  pleased  that  I  can  take  part  in  this  discussion  today  on 
the  future  of  high  energy  phyjics.  I  have  been  asked  to  give  a  brief 
statement  about  the  present  status  and  the  plans  of  the  German 
Laboratory  for  High  Energy  Physics,  Deutsches  Elektronen  Syn- 
chrotron, DESY,  in  Hamburg. 

DESY  is  a  laboratory  for  basic  research.  It  has  two  areas  of  re- 
search, high  energy  physics  and  synchrotron  radiation.  The  facili- 
ties of  the  laboratory  are  two  large,  e+e~  storage  rings,  DORIS  and 
PETRA,  which  are  used  to  do  high  energy  physics  experiments. 
DORIS  is  also  used  as  a  synchrotron  radiation  light  source. 

So  our  installations  are  very  similar  to  the  installations,  for  in- 
stance, at  SLAC  or  at  Cornell,  and  we  have  quite  a  related  research 
program  and  very  good  relations  with  the  two  laboratories. 
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Slide  1 

The  lab  is  situated  in  Hamburg  city,  and  you  see  here  on  this 
slide  the  present  DESY  site  in  the  midst  of  a  large  city.  I  think  it  is 
unique  to  have  a  laboratory  of  this  size  in  a  city,  since  the  PETRA 
storage  ring  is  2.3  kilometers  across. 
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Slide  2 


To  give  a  little  more  information  about  the  lab,  the  staff  of  the 
laboratory  is  about  1,000  people.  The  number  of  people  doing  real 
high  energy  research  is  470.  You  see  here  that  most  of  the  people 
doing  research  at  DESY  are  coming  from  outside.  We  have  60 
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DESY  staff  only  under  that  group.  We  have  140  people  from 
German  universities,  and  then  the  majority  are  foreign  physicists, 
270,  which  come  from  16  countries,  among  them  the  United  States, 
in  several  of  our  large  collaborations. 

I  can  show  you  in  the  next  transparency  the  layout  of  the  DESY 
accelerators.  This  last  ring  here  is  the  PETRA  storage  ring.  At  the 
moment,  it  is  an  e+e~  machine  with  the  highest  energy  in  the 
world  until  TRISTAN  comes  into  operation.  The  small  one  is  the 
DORIS  storage  ring. 


Slide  3 

Sm }  show  the  plac,es  where  we  enJ'°y  the  participation  of  U.S. 
scientists,  so  you  see  that  m  most  of  the  collaborations,  we  feave 

Kf0£l  Pants/in  th,e  ^ark  J  collaboration,  Professor  Ting  is 
the  spokesman  of  the  collaboration. 

r^Ahiell  e^iH  ,p,hvsics  P™^8111  in  these  two  storage  rings  is 
earned  out  with  full  international  collaboration.  All  sbc  stations 
are  operated  and  have  been  constructed  by  international  teams  in 
8  w.ay  tp*'  the  various  groups  have  participated  through 
equipment  which  was  brought  to  DESY-constructed  at  the  home 
institution  then  brought  to  DESY-put  together  to  make  a  com- 
plete detector,  and  is  now  operated  together. 

ThP^fnV8  Du  n8Sh  S°W- }  think.this  is  an  important  element. 
If  llh  n  C8Sh  ^ ^  S}01Laee  ring  facilitv  has  been  construct 
?L?l  -i?  n  funds,  and  the  operational  costs  for  the  storage 
ring  facility  again  come  from  German  funds.  It  is  fully  given  by  the 
laboratory.  The  outside  contribution  comes  through  the  detStore 
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^ssides  the  high  energy  groups,  we  have  the  synchrotron  radi- 
ation users,  which  are  quite  a  large  number,  and  we  are  talking 
about  this  today. 

Let  me,  as  a  last  remark  of  the  general  introduction,  say  that  the 
funding  of  the  laboratory  comes  from  the  German  Federal  Govern- 
ment, 90  percent,  and  from  the  Hamburg  State,  10  percent.  This 
ratio  is  the  usual  ratio  between  the  local  state  and  the  Federal 
Government  for  the  large  research  centers  in  Germany. 

This  year's  budget  is  237  million  marks,  which  includes  99  mil- 
lion marks  for  our  future  facility,  HERA.  I  should  in  passing  say 
that  Germany,  besides  the  national  laboratory  in  DESY,  supports 
the  international  laboratory  in  CERN  and  shares  25  perc  ^nt  of  the 
cost. 

The  present  program  at  DESY  aims  at  exploiting  the  facility 
storage  in  PETRA.  Our  future  plans  are  to  construct  a  new  large 
project  which  is  the  ep  collider  HERA,  a  large  accelerator  complex 
which  enables  us  to  collide  electrons  with  protons.  It  is  quite  a 
novel  facility  which  presently  does  not  exist  that  has  two  storage 
rings  with  two  different  kinds  of  particles. 

This  machine  will  be  built  on  the  same  site.  It  is  housed  in  an 
underground  tunnel  of  6-kilometer  circumference,  so  it  is  a  ma- 
chine similar  in  size  to  the  Fermilab  accelerator,  all  underground. 
Again,  I  would  like  to  point  out  that  the  big  accelerator,  in  the 
midst  of  a  large  city  and  the  four  experimental  stations  are  placed 
in  locations  where  there  are  no  houses  so  they  can  be  built. 

Here  our  construction  has  begun  on  this  site,  on  this  location 
here,  and  the  tunneling  is  started  now.  We  hope  to  accomplish  the 
completion  of  this  machine  by  1989  so  the  experiments  can  start  in 
1990. 

The  HERA  machine  needs  superconducting  magnets  to  reach  its 
goal  for  the  proton  ring,  so  we  will  use  the  technology  which  lias 
been  pioneered  at  Fermilab  and  where  very  important  develop- 
ments also  have  taken  place  at  Brookhaven. 

We  eiyoy  here  the  strong  collaboration  of  the  two  laboratories. 
The  design  of  our  magnet  was  greatly  influenced  by  the  work  of 
Fermilab  and  Brookhaven,  and  we  have  now  strong  contact  with 
both  laboratories  to  get  great  help,  and  I  would  acknowledge  this 
help  to  our  lab  in  this  place.  It  is  very  important  to  us. 

The  HERA  machine  will  be  built  with  international  collabora- 
tion, and  I  will  talk  a  little  bit  about  that  because  it  is  a  subject  of 
today's  meeting.  Although  international  collaboration  has  been 
rather  strong  in  the  building  of  detectors,  I  think  it  is  novel  to 
build  an  accelerator  in  international  collaboration. 

We  have  been  asked  by  our  Government  to  find  international 
collaborators  to  help  us  build  the  machine  and  so  reduce  the  costs 
to  be  borne  by  the  German  Government.  We  have  found  a  way 
which  is  modeled  on  the  collaboration  in  experiments  where  the 
partners  contribute  not  cash  money  but  contribute  components  of 
the  accelerator  or  manpower. 

We  have  found  nine  countries  which  work  with  us.  In  the  United 
States,  it  is  Brookha\v  n  National  Lab,  which  will  make  available 
to  us  some  expertise  ard  some  installation  assistance  which  helps 
us  to  build  the  machine.  I  am  glad  to  say  that  this  collaboration 
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works  already  very  well.  I  hope  very  much  that  this  kind  of  col- 
laboration can  expand  in  the  future. 

Already  in  the  discussion  we  had  with  Brookhaven  Lab,  it  turns 
out  that  we  have  at  DESY  some  installations  which  can  be  of 
mutual  benefit  to  Brookhaven  Lab,  so  we  will  get  a  good  collabora- 
tion in  this  respect. 

I  hope  that  these  brief  remarks,  together  with  my  written  state- 
ment, give  you  some  impression  about  the  DESY  laboratory  in  Ger- 
many. 

Thank  you. 

[The  prepared  statement  of  Professor  Soergel  follows:] 

Prepared  Statement  of  V.  Soergbl,  Chairman,  DESY  Directorate 

I  am  honored  and  pleased  to  be  able  to  introduce  you  today  to  the  program  of  the 
Deutsches  Elektronen  Synchrotron,  DESY  and  to  take  part  in  your  discussion  on 
the  future  of  high  energy  physics. 

Letme  begin  with  a  brief  description  of  DESY  and  its  present  activities. 

DESY  is  a  laboratory  for  basic  research.  It  is  located  in  Hamburg  (Germany).  Its 
main  activity  is  in  the  field  of  high  energy  physics,  a  second  line  of  research  with 
growing  importance  is  the  utilization  of  synchrotron  radiation  in  the  Hamburg  Syn- 
chrotron Radiation  Laboratory  (Hasylab),  which  is  a  part  of  DESY. 

The  main  research  facilities  of  DESY  are  the  electron-positron  storage  rings 
DORIS,  reaching  an  energy  of  2  x  5.4  GeV,  and  PETRA,  reaching  2  x  23.4  GeV,  the 
highest  energy  so  far  obtained  in  electron-positron  collisions. 

Six  large  detectors  are  installed  at  the  storage  rings,  two  at  DORIS  and  four  at 
FETKA,  to  study  electron-positron  collisions.  The  research  program  on  all  the  detec- 
tors is  carried  out  by  international  collaborations,  involving  approximately  470 
physicists  from  17  countries.  In  five  of  these  collaborations,  we  enjoy  the  participa- 
Uon  of  sdenfaste  from  the  United  States.  The  two  with  major  U.S.  participation, 
SJ^Aa?  at  PBI?£jmd  Cry8tal  ball  at  DORIS,  have  U.S.  physicists  as  spokesmen: 
Prof.  Ting  from  MIT  and  Prof.  Bloom  from  SLAC. 

The  synchrotron  radiation  laboratory  at  DORIS  serves  300-400  users,  doing  re- 
search at  26  experimental  stations.  They  come  mainly  from  German  universities 
^iS^"5?  "MtjHH00?  ^t*1'  however,  also  a  sizeable  participation  from  abroad. 

DESY  is  funded  jointly  by  the  German  Federal  government  (90%)  and  by  the 
State  of  Hamburg  (10%).  DESY  has  a  staff  of  approximately  1000  people.  The  DESY 
budget  m  1985totols  237  Mio  DM,  including  99  Mio  DM  for  the  construction  of  the 
new  faculty  HERA.  When  Quoting  these  figures,  it  should  be  remembered  that  Ger- 
many, teideshaving  DESY  as  a  national  laboratory  for  high  energy  physics,  is  also 
a  member  of  CERN  and  contributes  25%  of  the  CERN  budget. 

Most  of  the  scientists  doing  research  at  DESY  are  visitors  coming  from  universi- 
ties and  outside  research  institutes.  Here  are  the  present  numbers  for  the  high 
energy  physics  experiments:  About  470  physicists,  from  which  140  come  from 
Oennan  Universities  and  Institutes,  270  from  foreign  countries,  and  only  60  are 
UKoY  staff. 

THE  ONGOING  PROGRAM 

Aims  at  the  exploitation  of  DORIS  and  PETRA: 

PETRA  will  be  phased  out  as  a  high  energy  physics  facility  by  the  end  of  1986 
"SL  used  38  P*"1  of  the  injection  scheme  for  the  new  facility,  HERA. 

The  high  energy  physics  program  at  DORIS  is  expected  to  continue  for  a  few 
more  years.  DORIS  is  now  used  jointly  by  the  high  energy  physicists  and  the  users 
of  Synchrotron  radiation.  There  are  plans  to  transform  DORIS  into  a  dedicated  syn- 
chrotron light  source  as  soon  as  the  high  energy  program  comes  to  an  end. 

FUTURE  PROGRAM:  HERA 

DESY  is  now  constructing  a  large  new  accelerator  facility,  HERA.  This  is  an  elec- 
tron^ rotron  collider,  consisting  of  two  storage  rings,  one  for  electrons  with  an 
energy  of  30  GeV,  one  for  protrons  of  820  GeV.  Electrons  and  protrons  are  made  to 
collide  at  four  mtersection  points.  The  two  rings  will  be  mounted  in  an  underground 
ring  tunnel  of  6.3  km  length.  The  protroa  ring  will  be  constructed  with  supercon- 
ducting magnets. 
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Construction  of  HERA  began  in  May  1984,  shortly  after  project  authorization  was 
given  on  April  6, 1984.  The  facility  is  planned  to  be  completed  in  the  year  1989,  so  that 
the  experiments  on  ep  collision  can  begin  in  1990. 

The  main  reasons  to  choose  an  ep-collidor  as  DESY's  next  project  are:  The  great 
scientific  interest  in  ep-collisions  at  very  high  energies,  much  nigher  than  available 
with  present  accelerators;  and  the  intention  to  have  also  in  the  future  a  unique 
scientific  program,  complementary  to  the  program  of  CERN  and  of  the  other  high 
energy  physics  laboratories  around  the  world. 

HERA  will  be  constructed  in  international  collaboration,  with  contributions  of 
laboratories  and  research  organizations  in  several  countries.  The  contributions  are 
either  components  of  the  machine  developed  and  built  in  the  participating  country, 
or  manpower,  by  technical  and  scientific  staff  sent  to  Hamburg  to  collaborate  in  the 
construction  of  the  machine.  The  collaboration  involves  at  present  9  countries  in- 
cluding the  United  States  where  BNL  is  our  partner. 

HERA  will  be  open  to  physicists  from  all  over  the  world.  The  collaboration  in  the 
experiments  is  foreseen  m  a  similar  way  as  practiced  now  at  PETRA  and  DORIS 
and— in  fact— in  most  of  the  high  energy  physics  laboratories  around  the  world. 

The  main  task  of  DESY  in  the  coming  five  years  will  be  the  construction  of 
HERA  and,  from  1990  onward,  the  exploitation  of  thL  unique  facility  in  internation- 
al collaboration. 

INTERNATIONAL  COLLABORATION  AT  DESY 

As  international  collaboration  is  a  central  issue  of  your  discussion  today,  I  will 
conclude  with  a  few  remarks  about  international  collaboration  at  DESY. 

The  figures  I  have  given  before  show  that  the  majority  of  the  phyiicists  in  high 
energy  experiments  at  DESY  come  from  foreign  countries. 

In  the  collaboration  on  experiments,  the  various  partners  contribute  components 
to  the  detector  and  so  build  the  detectors  jointly.  As  these  detectors  are  major  facili- 
ties by  themselves,  technically  demanding  and  costly,  this  kind  of  collaboration  has 
as  an  important  element  the  cost  sharing  between  the  different  partners. 

DESY  provides  the  operation  of  the  accelerator  free  of  charge,  the  running  costs 
of  the  storage  rings  are  paid  from  the  DESY  budget. 

This  way  of  handling  the  question  of  accelerator  running  costs  follows  the  recom- 
mendation of  ICFA  and  is  generally  accepted  by  all  high  energy  laboratories.  It  was 
an  essential  element  for  the  development  of  the  strong  and  very  fruitful  interna- 
tional collaboration  in  high  energy  physics. 

The  benefit  of  this  international  collaboration  goes,  however,  far  beyond  these 
budgetary  aspects— a  point  which  cannot  be  covered  in  this  brief  introduction. 

I  nope  in  conclusion,  that  with  this  short  introduction  I  could  give  you  some  im- 
pressions about  the  DESY-laboratory  and  its  role  in  the  world  wide  effort  in  particle 
physics  research— now  and  in  the  future. 

Mr.  Fuqua.  Thank  you  very  much. 

The  next  presenter  will  be  Dr.  Brianti,  Technical  Director  of  the 
European  Laboratory  for  Particle  Physics  in  CERN.  We  are  very 
delighted  to  have  you. 

[A  biographical  sketch  of  Dr.  Giorgio  Brianti  follows:] 

Dr.  Giorgio  Brianti 
Born  on  14  April  1930  in  Parma,  Italy. 

May  1954 — Obtained  Degree  in  Electrical  Industrial  Engineering,  University  of 
Bologna. 

September  1954— Joined  CERN  as  a  staff  member  in  the  Magnet  Group  of  the  PS. 
Until  1958  took  part  in  the  design  and  contruction  of  the  PS  Magnet. 

1958— Became  Leader  of  the  Controls  Section  in  the  PS  Electrical  Engineering 
Group. 

I960— On  the  creation  of  the  MPS  Division  appointed  Leader  of  the  Controls 
Group. 

1964— Appointed  Leader  of  the  MSC  Division;  directed  the  work  for  improving  the 
accelerator  and  realized  the  underground  external  beam  for  the  ISOLDE  Project. 

1967— Appointed  Leader  of  the  newly  created  SI  Division  with  the  task  of  design- 
ing anl  constructing  the  4-ring  800  MeV  Booster  Synchrotron  as  a  high-intensity 
injector  for  the  PS. 

1973— Appointed  Head  of  the  Experimental  Areas  Group  for  the  SPS  Machine  in 
Laboratory  II. 
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J^-!™0^617?!10  ^  SPS  M™10*'  as  Head  of  the  Experimental  Areas  Group, 
■u  T-  J "TApJ?°mted  ^P"^  Di^on  Leader  of  the  SPS  Division  with  special  respon- 
sibility for  Experimental  Areas. 

1978-Reappointed  Deputy  Division  Leader  of  the  SPS  Division  with  Special  re- 
sponsibility for  Administrative  Matters  and  Experimental  Areas 
1978— Appointed  Division  Leader  of  the  SPS  Division. 
1981— Technical  Directcr. 

STATEMENT  OF  DR.  GIORGIO  BRIANTI,  TECHNICAL  DIRECTOR, 
EUROPEAN  LABORATORY  FOR  PARTICLE  PHYSICS  [CERN] 
GENEVA,  SWITZERLAND 

Dr.  Brianti.  Mr.  Chairman,  Representatives,  ladies  and  gentle- 
man, it  is  my  turn  to  say  that  I  am  honored  to  be  here  today,  and  I 
convey  to  you  the  best  greetings  and  wishes  for  your  work  by  our 
director-general,  Professor  Schopper. 

I  am  going  to  present  to  you  for  a  few  minutes  CERN,  the  Euro- 
pean Laboratory  for  Particle  Physics.  CERN  is  an  international  or- 
ganization with,  at  present,  13  member  states,  and  a  14th  one 
knocking  at  the  door.  These  member  states  pay  contributions  pro- 
portional to  their  gross  national  product. 

CERN  was  born  30  years  ago,  almost  31  years  ago,  and  it  was 
born  of  two  basic  ideas:  the  first,  to  construct  collectively  in  Europe 
forefront  facilities  that  a  single  nation  could  not  afford,  but  also, 
there  was  an  idea  behind  it,  namely  to  make  Europeans,  who  had 
just  stopped  fighting  each  other  during  the  war,  work  together  on  a 
day-to-day  basis. 

Oyer  30  years  of  existence,  what  happened  was  that  the  work 
with  protons. was  concentrated  at  the  CERN  international  facility, 
while  work  with  electrons  developed  at  DESY.  In  those  places,  very 
good  use  was  made  of  existing  facilities,  the  machine  of  the  past 
being  used  as  the  injector  into  the  new,  elaborate  machine. 

We  believe  that  one  of  the  successes  of  CERN  is  due  to  two  basic, 
simple  rules:  appointment  of  people  on  the  basis  of  competence 
without  any  quota  for  nationalities;  and  contracts  for  acquiring 
equipment  are  placed  with  the  lowest  bidder,  again  without  any 
quota  for  nationalities. 

Now,  if  you  will  allow  me,  Mr.  Chairman,  I  would  like  to  show  a 
few  slides. 
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SUDE  1 

What  I  show  here  is  the  total  cost  of  high  energy  physics  in 
Europe  in  billions  of  Swiss  francs.  For  U.S.  dollars,  you  divide 
roughly  by  2.5  or  2.6.  As  a  function  of  time,  we  reached  the  peak 
during  the  construction  of  the  present  running  facilities,  and  then 
there  was  a  decrease  and  a  leveling  off. 

You  see  the  first  component  is  the  contribution  to  CERN.  The 
second  is  the  contribution  nationally  but  on  the  CERN  Program, 
and  the  third  is  pure  national  spending.  You  see  that  this  is  level- 
ing off  here. 
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Slide  2 

At  the  same  time,  the  number  of  users  increased.  These  are  ex- 
perimental physicists  in  thousands  coming  from  member  states.  In 
addition,  at  the  present  time,  we  have  about  500  users  coming  from 
nonmember  states,  among  those,  I  believe,  a  couple  of  hundred 
Americans. 
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Slide  3 

This  is  a  presentation  of  the  site.  You  will  recognize  here  Geneva 
town,  Geneva  lake,  the  international  airport.  It  gives  you  the  scale. 
This  is  about  5  kilometers. 

The  present  CERN  is  divided  in  two  sites,  one  which  is  called  the 
Swiss  site,  actually  across  the  border  between  France  and  Switzer- 
land, and  the  other  purely  in  France.  The  main  facility  being  ex- 
ploited now  is  a  7-kilometer  proton  machine.  I  will  say  a  few  words 
more  in  a  moment. 
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1.  Synchrocyclotron  (600  Mev) 

Mainly  on-line  isotope  scpmtor(ISOLDE) 


2.  Low  Energy  Antiproton  Ring  (LEAR)  /^V^fe;' 

|;  iob  <  P  <  2000  Mev/c     . ~  300  «$e*rf. 

3.  SPS  Fixed  Target  at  450  Gev/Light  Ions 
«}V  w<  225GeV/nncI 

-   Cycle  of  14  s.  3M013ppp  1  *\ 

4.  SPS  proton-antiproton  Collider  (630  Gev) 
Max.  Luminosity  0.35M  030  cm"^" 1  a*3  00  ^ 
Improvement  Programme:  >  1 030 

5-  Large  Electron  Positron  (LEP)     A  a  .  A^ 
,  Initial  Beam  Energy  55  on  55  Gev.  which 
can  be  increased  toward  100  Gev 

Slide  4 

What  are  our  programs?  I  will  list  here  our  programs.  The 
first  two  are  lower  energy  installations,  but  still  with  a 
substantial  number  of  users.  The  main  running  program  is 
centered  around  the  SPS,  a  facility  which  provides  a  fixed  target 
up  to  450  GeV,  and  in  the  nond:ntant  future,  also  light  ions, 
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with  collaboration  involving  Lawrence  Berkeley  Laboratory,  which 
is  building  an  iiyector  for  that. 

The  SPS  can  also  be  used  as  a  proton-antiproton  collider  up  to  a 
center  of  mass  energy  of  630  GeV.  This  machine  allowed  the  dis- 
covery of  the  intermediate  vector  bosons  and  allowed  Professor 
Rubbia  and  Dr.  Simon  van  der  Meer  to  obtain  the  Nobel  Prize  in 
physics  last  year.  Let  me  underline  that  we  are,  of  course,  very 
glad  for  this,  and  in  particular  because  one  of  the  two  is  an  engi- 
neer who  developed  technology  which  allowed  this  discovery  to  be 
made. 

We  have  an  improvement  program  in  order  to  increase  the  lumi- 
nosity. Construction-wise,  our  largest  program  now  is  the  construc- 
tion of  LEP.  These  are  electron-positron  storage  rings  of  27-kilome- 
ter circumference,  which  are  being  dug  deep  under  the  soil  at  an 
approximate  depth  of  about  100  meters  in  a  tunnel. 

This  machine  will  provide,  in  the  first  operation,  55  GeV  on  55 
GeV,  but  when  energy  can  be  developed,  up  to  around  100  GeV  per 
beani.  That  is  what  the  machine  All  look  like  when  it  is  installed. 
At  the  moment,  this  is  a  wooden  model,  but  we  are  obtaining 
pieces.  We  have  placed  two-thirds  of  the  industrial  contracts,  and 
the  tunnel  is  being  dug.  The  total  cost  of  the  machine  is  $500  mil- 
lion. 
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It  will  serve  four  experiments.  I  will  just  quickly  pass  one  after 
the  other.  This  is  L3.  There  is  a  strong  American  participation  by 
Professor  Ting  and  cooperators. 

There  are  three  others  which  are  all  built  through  international 
cooperation.  Three-quarters  of  the  equipment  is  built  and  bought 
nationally  or  by  institutions.  There  is  only  20  percent  CERN  par- 
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ticipation.  These  are  large  installations,  each  one  of  them  involving 
hundreds  of  physicists.  8 

The  energy  of  LEP  can  be  developed  by  using  a  superconducting 
cavity,  an  accelerating  cavity  which  has  the  great  feature  to  save 
quite  a  bit  of  electric  power  and  to  allow  us  to  reach  higher  energy 
in  an  elegant  way.  TI<*>  ultimate  energy  which  can  be  reached  de- 
pends on  the  exact  state  of  technology  and  which  field  can  be  ob- 
tamed  and  would  be  in  the  range  of  100  GeV  per  beam. 

What  next?  Of  course,  at  the  moment,  we  are  heavily  engaged  in 
tne  reahzation  of  this  construction  which  will  end  by  the  year  1988 
and  will  start  to  be  exploited  in  1990.  However,  we  are  a  big  labo- 
ratory. We  have  to  worry  about  the  future.  So  our  council  recently 
decided  to  set  up  a  working  group  to  look  into  the  scientific  and 
technological  future  of  CERN  and  entrusted  the  chairmanship  to 
Prof.  Carlo  Rubbia. 

This  group  is  to  explore  the  various  assumptions  which  are  of- 
fered by  the  existence  of  the  lab  tunnel  and  maybe  some  other 
ideas  and  present  a  final  report  in  2  years'  time. 
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WW  tWM  OPTIONS  $m 
SECOND  MACHINE  to  LIP 

1.  ONE-CHANNEL  COLLIDER 

pp  E^-  10  to  28  Tev;  L=  lO^-lO^iirV1 

ep  E^-  1.2  to  1.8  Tev;  L=  103I-1032  *  " 

« 

2.  TWO-CHANNEL  COLLIDER 

pp  E^-  10  to  18  Tev;   L=  i033cm"V! 
ep    (  as  for  one-channel  collider  ) 

INSTALLATION  &  EQUIPMENT 
EXISTING  ON  CERN  SITE  (  prior  to  LHC  ) 

1.  Excellent  Proton  Injectors  (PS  &  SPS) 

2.  Antiproton  Source  (AA+ACOL) 

3.  LEP  Tunnel  and  Infrastructure 
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What  are  the  possibilities?  The  technical  possibilities  are  to  put  a 
second  machine  in  the  LEP  tunnel.  There  is  space  enough  for  that 
This  would  make  use  of  the  existing  injectors,  of  the  antiproton 
source  S  need  be,  of  the  LEP  tunnel  and  infrastructure,  which  ac- 
counts for  about  50  percent  of  the  total  cost  of  LEP,  and  also  of  the 
electron  beam. 

And  so  one  can  have,  depending  on  the  technical  solution  chosen, 
a  pp-collider  with  energy  up  to  18  TeV  in  the  center  of  mass  if  su- 
perconducting technology  can  be  developed,  or  at  least  10  TeV  with 
present-day  technology,  and  also  pp-collisions. 
tJ^J8  a  Picture  of  the  Prospective  view  of  the  tunnel,  where  at 
the  bottom  you  have  the  present  machine,  LEP,  and  there  is  space 
enough  on  top  to  add  the  superconducting  collider. 

If  I  have  still  1  minute  or  2  minutes,  it  may  be  of  interest  to  this 
committee  to  know  that  recently  we  have  repeated  at  CERN  a 
study  on  the  utility  of  CERN  contracts  to  industry.  The  first  one  of 
these  was  done  10  years  ago,  and  this  has  been  repeated  recent1- 
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What  has  been  done  is  that  hundreds  of  firms  who  had  supplied 
components  to  CERN  were  asked  whether  the  CERN  contract  pro- 
vided any  additional  utility  beyond  the  fact  of  obtaining  that  con- 
tract. This  works  this  way.  I  take  CERN  as  an  illustration  of  the 
field— this  is  true,  I  think,  in  all  countries  active  in  the  field.  If 
CERN  purchases  stimulate  new  products,  R&D,  improvements  on 
the  production  technique,  quality— it  is  hard  competition,  or  I  said 
before;  the  lowest  tender  wins— all  of  this  may  produce  additional 
utility. 


Table  I:  Breakdown  of  Sample  Data  (160  firms)  by  Industrial  Category 


Electronics, 
Optics, 
Computers 

Electrical 
equipment 

Vacuum, 
Cryogenics, 
Super- 
conductivity 

Steel 
and 
Welding 

Precision 
mechanics 

Totals 

Net  utility 
(HSF) 

1576 

877 

355 

225 

3107 

Corrected 
utility* 
(HSF) 

13H0 

715 

300 

190 

65 

2640 

Losses 
(HSF) 

3.7 

5.1 

5.3 

o.n 

0.2 

15.0 

Sales 
investigated 
(HSF) 

220.1 

359.2 

101.3 

35.8 

31.2 

747.6 

Corrected 
utility/sales 
ratio 

6.1 

2.1 

3.0 

5.3 

2.1 

3.5 

Number  of 

firms 
interviewed 

57 

46 

22 

16 

19 

160 

Number  of 
firms  without 
utility 

12 

19 

8 

8 

8 

55 

*  Corrected  utility  equals  85*  of  net  utility,  for  explanation  see  Section  V.2. 
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An  external  person  to  CERN  has  made  these  interviews  of  firms, 
and  the  utility  factor,  depending  on  the  field— electronics,  electrical 
equipment,  vacuum  and  so  on— ranges,  for  instance,  from  6.1 — 
here,  namely,  any  franc  or  any  dollar  that  CERN  has  placed  into 
that  firm  has  further  good  use,  a  multiplication  factor,  because 
they  could  sell  other  products,  better  products,  of  6  or  2  or  3,  et 
cetera.  In  other  words,  it  is  about  4. 

It  strongly  depends  on  the  type  of  industry,  so  the  most  promi- 
nent are  electronics  and  informatics  in  which  you  have  here  in 
white  the  CERN  contract  and  the  utility  resulting  from  that  to  the 
firm;  less  in  electrical  and  steel;  less  in  others. 
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Utility  by  Industrial  Category 

(Million*  of  Svlm  Pnnoi) 


Electronics      Electrical  VacuurrKOryogen.     Ste#l  Mechanics 


Figure  4:  Total  sales  and  total  utilities  from  519  high  technology  suppliers,  broken  down 
by  industrial  category. 


How  the  Utility  is  Shared 

|6toctron>ci.  Computers] 


|£]»ctrlcal  Equipment  | 


Figure  5:  Total  utility  from  519  high  technology  suppliers,  showing  the  contribution  by 
industrial  category. 

Slide  9 

So  in  the  pie  diagram  you  see  that  more  than  50  percent  is 
in  electronics  and  informatics,  but  it  is  an  important  asset,  al- 
though, of  course,  it  is  not  the  justification  of  the  field.  The  present 
justification  is  research,  but  it  has  this  other  component. 
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Let  me  finish  by  saying  that  in  addition  to  the  cooperation  on 
experiments,  which  is  really  done  internationally  with  a  strong 
participation  on  many  of  the  experiments  all  across  the  world,  we 
have  also  quite  strong  collaboration  in  designs  and  construction  cf 
equipment  for  accelerators. 

I  have  here  a  long  list,  and  I  don't  propose  to  go  through  it,  but 
the  most  prominent  one  at  the  moment  is  a  collaboration  with  Fer- 
milab  which  is  building  cm  antiproton  installation  as  we  have  pio- 
neered at  CERN,  and  this  works  in  both  ways.  They  are  providing 
test  equipment  to  us;  we  help  them  in  certain  other  things.  There 
are  very  strong  collaborations  with  the  SSC  Central  Design  Group  in 
the  sense  of  participation  of  our  accelerator  people  through  work- 
shops and  discussion. 

Perhaps  we  could  come  back  on  the  future  during  the  round- 
table  discussion,  but  for  the  moment,  I  will  stop  here,  Mr.  Chair- 
man. Thank  you  very  much. 

[The  prepared  statement  of  Dr.  Brianti  follows:] 
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Prepared  Statement  of  Dr.  Giorgio  Brianti,  Technical  Director,  CERN,  1211 
Geneva  23,  Switzerland 

I  am  honoured  to  appear  before  you  to-day  to  supply  information 
about  CERN.  the  European  Laboratory  for  particle  physics. 


It  was  founded  30  years  ago  with  two  main  aims  : 

l)      to  pool  the  resources  of  13  Western  European  States  for  building 
fore-front  facilities  that  single  countries  ^oild  not  afford, 
n)      to  let  European  scientists  work  together  in  a  strong  multi- 
national collaboration. 

Progressively,  in  the  course  of  the  Laboratory's  existence  the 
Member  States,  which  contribute  to  the  budget  in  proportiun  to  their  Gross 
National  Product,  founded  advantageous  to  concentrate  proton  accelerators 
at  CERN  and  to  close  down  all  national  facilnes.    Electron  accelerators 
developed  at  0ES>  . 

More  recently,  the  construction  of  the  world's  largest  electron- 
positron  collider  (LEP;  was  decided  at  CERN.  while  OESY  is  developing  the 
only  electron-proton  collider  at  the  present  time. 

At  CERN,  very  good  use  is  made  of  existing  facilities,  the 
machines  used  for  physics  in  the  past  becoming  injectors  into  the  new 
larger  machines. 


From  the  administrative  point  of  view,  two  simple  rules  govern  the 


operation  of  CERN  :    staff  is  appointed  according  to  competence,  disregard- 
ing nationality,  and  industrial  supplies  ire  acquired  from  the  lowest 
bidder  without  any  quota  for  the  various  Member  States. 

A  summary  of  the  activities  and  prospects  for  the  Laboratory  is 
given  in  the  tables  and  pictures  which  I  am  going  to  show  now. 

Fig.  1  gives  the  total  spending  fo  the  Member  States  according  to 
national  expenditures  and  contribution  to  CERN. 

Fig.  2  gives  the  number  of  users  from  the  Member  States  to  which 
one  has  to  add  -  500  from  non-Member  States  (-  200  Americans). 
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Fig.  3  gives  the  CERN  Accelerato    and  Research  Programmes.  The 
most  prominent  running  programme  is  the  protcn-anti(.roton  SPS  collider, 
which  led  to  the  discovery  of  the  intermediate  vec*~r  bosons  W  and  Z  (Nobel 
Prized  winners  C.  Rubbia  and  S.  van  der  Heer).     The  largest  construction 
under  •  ay  is  LEP.  an  electro-positron  storage  ring,  which  will  operate 
initially  at  a  centre-of -mass  energy  of  110  GeV  to  be  increased  later  on  to 
-  200  GeV  by  adding  superconducting  raoio-frequf *^cy  cavities. 

Fig.  t  gives  the  layout  of  the  laboratory  with  dotted  lines  for 
the  27  km  underground  tunnel  of  LEP.  under  construction  at  present.  The 
LEP  machine  should  start  oporation  at  the  end  of  1968. 

Four  large  dectectors  (Figs.  5.  6.  7  and  6),  L3  with  important 
American  participation  (Leader  Prof.  S.  Ting.  MIT) .  ALEPH.  OELPHI  and  OPAL 

are  in  preparation  for  the  LEP  programme. 

* 

As  for  the  future,  the  CERN  Council  (official  delegates  of  the 
Member  States)  decided  to  set  up  a  Working  Group  to  study  the  Scientific 
and  Technological  Future  of  CERN  (beyond  LEP)  under  .he  Chairmanship  of 
Professor  C.  Rubbia.    This  Group  should  explore  various  options,  in 
particular  for  a  second  high  energy  collide-  housed  *n  the  LEP  tunnel  and 
providing  proton-proton  (proton- antiproton)  and  electron-proton  collisin  .$. 
The  possible  characteristics  of  this  ma'  nine  are  illustrated  in  Fig.  9, 
while  Fig.   10  gives  aperspective  view  of  the  LEP  tunnel  with  both  LEP  and 
the  new  collider  LHC. 

The  energy  of  the  proton-proton  collisions  which  could  be  obtained 
would  be  10  to  18  TeV  depending  on  the  magnetic  field  of  the  dipole 
magnets.    With  well-established  present  technology  6  T  could  be  obtained 
while  an  appropriate  R  &  0  programme,  which  has  been  initiated  by  CERN  and 
various  European  laboratories,  could  lpad  to  10  T.  enabling  the  machine  to 
reach  the  top  energy  of  18  TeV. 

The  Working  Group  chaired  by  C.  Rubbia  will  present  xts  final 
report  to  Council  before  summer  1987.    Progress  reports  will  be  presented 
at  regular  intervals  in-between. 

All  the  activities  reported  above  are  based  on  a  very  strong 
international  collaboration,  involving  physicists  and  experimental 
equipment  from  all  over  the  world.    This  collaboration  is  currently 
extended  also  to  the  design  and  beam  measurements  of  accelerators,  as 
Fig.   11  illustrates. 
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TOTAL  COST  OF  HEP 
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Fig.  3 

CERN  -  &(gwnWS§  @m&  EfflMM 


I.  Synchrocyclotron  (600  Mev) 

~2oo  use**  ' 

7..  -  Mainly  on-line  isotope  separator  (ISOLDE) 


}  2.  Low  Energy  Antiproton  Ring  (LEAR)  :'^Vv\;v* 
|?.1ob  <  p  <  2000  Mev/c         ~  300  u,$e*i 

*.SV.  >       •  :»     .  .  •  .-    .*  •  "      '  * '    \  •' 

3.  SPS  Fixed  Target  at  450  Gev/Light  Ions 

225Gev/nncl 
A/  4.9  £  •• 

Cycleof  14  s,  3*10I3ppp  *  ** 

4.  SPS  proton-antiproton  Collider  (630  Gev) 

7 

Max.  Luminosity  0,35-103Ocm"2s"1  *»3O0 
Improvement  Programme:  >  1 030 

5.  Large  Electron  Positron  (LEP)      _  j  *  A. 
,  Initial  Beam  Energy  55  on  55  Gev,  which 

can  be  increased  toward  100  Gev 
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Fig. 

LONG  TffiM  OPTIONS  for 
SECOND  MACHINE  to  LBP 

1.  ONE-CHANNEL  COLLIDER 
pp  E^-  10  to  18  Tev;  L«  lO^-lQ^cnrV1 

ep  E^-  1.2  to  1.8  Tev;  L=  103i-1032  -  " 


2.  TWO-CHANNEL  COLLIDER 
pp  E^-  10  to  18  Tev;   L=  1033CflrV* 
ep    (  as  for  one-channel  collider  ) 

INSTALLATION  &  EQUIPMENT 
EXISTING  ON  CERN  SITE  (  prior  to  LHC  ) 

1 .  Excellent  Proton  Injectors  (PS  &  SPS) 

2.  Antiproton  Source  (AA+ACOL) 

3.  LEP  Tunnel  and  Infrastructure 
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Mr.  Fuqua.  Thank  you  very  much. 

The  next  presenter  will  be  Dr.  Leiss,  Associate  Director  of  High 
Energy  and  Nuclear  Physics  at  the  Department  of  Energy. 

STATEMENT  OP  DR.  JAMES  E.  LEISS,  ASSOCIATE  DIRECTOR  OF 
HIGH  ENERGY  AND  NUCLEAR  PHYSICS,  L.S.  DEPARTMENT  OF 
ENERGY,  WASHINGTON,  DC 

Dr.  Leiss.  Thank  you  very  much,  Mr.  Chairman. 

As  you  know,  I  am  representing  Al  Trivelpiece,  who  was  given 
an  offer  he  couldn't  resist  this  morning,  and  so  his  loss  is  my  gain, 
and  I  really  do  feel  very  proud.  I  think,  as  we  all  know,  I  am  sit* 
ting  here  with  the  leadership  of  what  I  consider  the  very  best  lab- 
oratories in  the  world,  and  I  am  very  proud  of  that.  I  think  we 
should  also  recognize  that  as  one  of  the  very  positive  things  about 
this  field. 

Mr.  Fuqua.  I  was  just  commenting  to  Congressman  Mineta  a  few 
moments  ago  that  I  hoped  nothing  happened  in  this  room.  It  would 
be  a  severe  setback  to  high  energy  physics. 

Dr.  Leiss.  At  least  we  would  all  feel  that  way. 

Dr.  Samios.  There  would  be  lots  of  room  at  the  top. 

Dr.  Leiss.  That  is  right.  [Laughter.] 

I  would  like  to  make  a  few  brief  comments.  As  I  understand,  you 
have  requested  that  I  speak  about  two  items.  One  is  the  status  and 
plans  of  the  U.S.  high  energy  physics  program,  and  the  second  is 
the  Economic  Summit  international  collaboration  activities  of  the 
High  Energy  Physics  Workshop  chartered  under  the  Summit.  Let 
me  first  speak  about  the  U.S.  plans. 

We  know  high  energy  physics  is  a  curiosity^driven  field  at  what  I 
believe  is  the  cutting  edge  of  scientific  research.  It  is  driven  by 
man's  curiosity.  It  is  also  driven  by  a  certain  competitive  spirit 
among  scientists. 

I  think  as  we  talk  here,  we  need  to  recognize  both  of  those  fea- 
tures: it  is  curiosity  driven;  it  is  competitive  driven.  We  want  to  in- 
crease international  collaboration,  but  we  have  to  remember  those 
driving  forces  and  preserve  the  good  parts  of  them. 

There  is  very  close  worldwide  cooperation.  I  think  the  testimony 
you  have  heard  so  far  here  illustrates  that.  There  are  basically  now 
two  forums  for  discussion  on  collaboration,  other  than  the  individ- 
ual scientist  basis.  One  is  the  International  Committee  for  Future 
Accelerators  [ICFA],  which  is  a  scientific  discussion  forum. 

The  second  is  the  Working  Group  on  High  Energy  Physics  set  up 
under  the  Summit  process  which  brings  the  political  viewpoint  into 
the  discussion,  and  I  think  it  is  probably  a  good  thing  as  we  talk 
about  larger  and  larger  collaboration  and  larger  facilities.  There  is 
excellent  cooperation  between  our  countries,  as  the  various  speak- 
ers have  illustrated. 
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HIGH  ENERGY  PHYSICS 
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Before  talking  about  the  U.S.  program,  if  I  could,  I  would  like  to 
show  one  Vu-Graph.  We  have  passed  a  picture  of  this  around  so 
each  of  you  has  it.  The  purpose  here  is  to  try  to  illustrate  at  least 
some  view  of  the  worldwide  complement  of  facilities  where  we  plot 
on  the  left  side  the  vertical  axis,  the  effective  luminosity— that  is, 
the  rate  at  which  events  occur  in  the  machine— versus  the  center 
of  mass  energy  that  is  available. 

The  various  machines  that  have  been  discussed  this  morning  and 
others  such  as  the  UNK  facilities  that  are  under  construction  in 
the  Soviet  Union  are  shown  in  this  Vu-Graph  to  give  a  world  per- 
spective. 

Off  in  the  fuzzy  region  there  of  the  Vu-Graph — mayue  that  is 
prophetic  or  something— the  SSC  is  shown.  It  is  .Dth  a  high  lumi- 
nosity and  a  very  high  center  of  mass  energy  hadron-hadron  collid- 
ing facihty  which  would  allow  opportunities  for  research  that  do 
not  now  exist  in  the  world. 

But  let  me  first  talk  about  the  present  program.  There  are  two 
major  upgrade  activities  that  have  been  going  on  in  the  U.S.  pro- 
fram.  The  first  of  these  is  based  upon  a  very  msyor  effort  that  the 
United  States  has  expended  in  developing  superconducting  mag- 
nets of  very  high  precision  such  as  are  required  for  the  accelerator 
art. 

I  think  the  U.S.  program  recognized  years  ago  that  if  hadron  fa- 
cilities were  ever  to  go  to  higher  energies,  we  simply  had  to  face 
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the  problem  of  learning  how  to  develop  that  technology,  and  we 
have  expended  a  fair  amount  of  effort  in  that 

It  is  paying  off  now  in  the  Energy  Saver  at  Fermilab,  where  over 
1,000  superconducting  magnets  are  operating;  doing  research  now 
with  the  fixed-target  program,  the  Tevatron  II,  for  about  1%  years 
and  operating  very  successfully.  It  is  being  exploited  also  in  the  Te- 
vatron I  1,000  Gov  on  1,000  GeV  proton/antiproton  collider  project 
at  Fermilab. 

The  second  point  relative  to  international  collaboration  I  would 
make  here,  supporting  Dr.  Brianti's  comment,  is  that  the  stochastic 
cooling  technique  for  accumulating  enough  antiprotons  to  give  lu- 
minosity was  a  CERN  invention  that  has  been  very  helpful  in  the 
development,  such  as  the  superconducting  magnet  activities  in  the 
United  States  are  helping  other  countries. 

The  second  major  activity  that  is  underway  in  the  U.S.  program 
is  at  the  Stanford  Linear  Accelerator  Center,  SLAC,  where  a  new 
concept,  the  Stanford  Linear  Collider,  is  under  construction. 

This  machine  has  two  objectives.  One  is  to  see  through  the  build- 
ing of  v  large,  interesting-sized  model  of  a  new  type  of  accelerator 
facility,  colliding  beam  facility,  where  one  takes  beams,  makes 
them  cross  each  other  only  once,  but  compresses  the  beam  to  such 
a  small  size  that  you  still  get  luminosity,  in  other  words,  adequate 
events. 

If  that  proves  successful,  then  it  will  say  that  there  is  sense  to  go 
ahead  with  a  m^jor  technological  development  effort  which,  some 
day  in  the  future,  would  provide  the  basis  where  one  might  consid- 
er a  large  linear  collider. 

The  second  purpose,  of  course,  is  that  the  SLC  is  being  built  in 
an  energy  region  where  there  would  be  extremely  interesting  phys- 
ics to  do  at  an  early  date.  That  project  hopes  to  be  finished  in  1986. 

These  are  the  two  mejor  complements  of  the  facility  upgrade  ac- 
tivities that  are  going  on  in  the  United  States  and  that  we  believe 
will  allow,  together  with  our  international  collaborations  that  we 
engage  in  with  other  countries,  for  a  healthy  program  for  the  next 
several  years. 

But  we  also  have  to  worry  about  the  long  term.  We  are  in  an  era 
where  it  takes  probably  a  decade  from  the  time  you  decide  you 
would  like  to  build  a  facility  until  the  time  you  have  it,  and  so  we 
have  to  worry  about  what  is  going  to  be  available  in  the  mid  to  late 
1990's  and  beyond  the  year  2000  for  high  energy  physics. 

That,  of  course,  has  led  the  High  Energy  Physics  Advisory  Panel 
to  recommend  to  us  that  we  initiate  the  activities  leading  up  to  the 
Superconducting  Super  Collider  [SSC].  It  is  a  large  project,  as  you 
know.  It  is  expensive.  We  are  treating  it  very  cautiously.  I  thank 
that  we  are  taking  it  seriously,  as  evidenced  by  the  fact  that  we  are 
expending  appreciable  funding  in  R&D  for  SSC. 

I  think,  considering  the  size  of  the  project  and  the  interest  in  it,  I 
believe  it  is  going  very  well.  Real  progress  is  being  made.  Obvious- 
ly, site  selection  is  going  to  be  a  critical  question.  We  have  taken 
those  actions  to  assure  that  various  regions  who  have  interest  in 
the  site  are  all  being  given  a  fair  opportunity  to  compete. 

Progress  in  selection  of  those  magnet  types  is  being  made.  A  Ref- 
erence Designs  Study— a  very  excellent  job  was  done  by  the  study 
group  last  year — has  put  something  firm  behind  the  costs  of  the 
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machine.  And  so  we  believe  that  the  progress  directed  toward  a  de- 
cision on  what  should  be  done  about  the  SSC  project  is  progressing 
very  nicely. 

If  I  could,  I  would  turn  now  to  the  second  topic  that  you  request- 
ed we  speak  to,  and  this  is  the  activities  under  the  Economic 
Summit  on  High  Energy  Physics. 

If  I  might,  from  my  written  testimony,  I  would  like  to  read  a  few 
quotations  from  the  overall  Summit  Working  Group.  These  are 
statements  by  the  heads  of  state  of  the  Summit  countries. 

The  first  of  these  is  a  quotation,  "Fundamental  sciuitific  re- 
search is  one  source  of  technological  progress  in  industry  and 
should  be  given  support  by  governments. 

"Science  and  technology  are  a  source  of  national  and  interna- 
tional strength  and  can  provide  immense  opportunities  for  revital- 
ization  and  growth  of  the  world  economy.  They  should,  therefore, 
be  given  consideration  in  all  policy  decisions  for  national  develop- 
ment and  international  cooperation." 

They  further  recommended  that  the  heads  of  state  ".  .  .  take  sci- 
ence and  technology  into  account  in  their  policy  decisions  and  con- 
tinue to  include  the  subject  on  their  agenda  for  future  Summit 
meetings. 

I  think  these  illustrate  that  the  heads  of  state  both  see  that  the 
development  of  science  and  technology  is  very  important  to  the 
well-being  of  the  countries  individually  and  that  there  is  a  need  for 
them  to  work  together,  for  the  countries  to  work  together,  on  these 
developments. 

One  of  the  groups  chartered  for  study  of  international  collabora- 
tion is  m  the  area  of  high  energy  physics.  Of  course,  as  you  can  see 
from  the  discussions  here,  high  energy  physics  collaboration  has 
gone  on  actively  for  a  long  time,  and  so  there  is  a  fair  amount  of 
framework  of  both  formal  and  informal  international  agreements 
and  cooperations  between  countries  and  between  individual  labora- 
tories. 

I  think  the  thing  that  the  Summit  process  allows  is  the  possibili- 
ty of  bringing  the  political  side  of  the  house  into  these  discussions 
and  bringing  them  to  the  attention  of  the  heads  of  state  when  you 
see  things  that  they  might  do  to  help  foster  cooperation. 

There  have  been  three  meetings  of  the  Working  Group  on  High 
Energy  Physics,  one  in  Washington  in  October  1983,  a  second  in 
Brussels,  Belgium,  in  July  1984,  and  the  most  recent  of  these  in  Ca- 
darache,  France,  in  January  of  this  year. 

The  report  prepared  from  the  Cadarache  meeting  is  here.  I  be- 
lieve you  have  copies  of  that,  and  I  would  like  to  suggest  that  be 
submitted  for  the  record,  sir. 

Mr.  Fuqua.  I  think  that  has  been  distributed.  Without  objection, 
it  will  be  made  a  part  of  the  record. 

[The  material  is  contained  in  app.  4.] 

Dr.  Leiss.  If  I  could,  I  would  like  to  read  a  little  bit  directly  out 
of  the  report  from  statements  agreed  to  by  the  countries  at  the  Ca- 
darache meeting  and  contained  in  their  report. 

"The  Cadarache  meeting  discussed  the  reports  of  three  subpanels 
which  had  been  chartered  at  the  Brussels  meeting  and  reached  sev- 
eral conclusions  on  long-range  planning.  The  present  set  of  new 
high  energy  facilities  under  construction,  Tevatron  and  SLC  in  the 
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United  States,  TRISTAN  in  Japan,  LEP  at  CERN,  and  HERA  in 
the  Federal  Republic  of  Germany,  are  complementary  and  not  du- 
plicative. 

"A  clear  need  not  met  by  the  present  generation  of  accelerators 
is  the  requirement  to  extend  the  energy  range  of  hadron  colliders. 
The  SSC  is  the  most  advanced  plan  in  this  regard,  and  the  Europe- 
ans are  considering  options  in  the  LEP  tunnel.  Other  open  ques- 
tions are  a  linear  collider  for  electron-positron  collisions  and  an 
electron-proton  collider  which  could  make  use  of  the  LEP  tunnel. 

"The  required  new  and  advanced  facilities  can  be  built  and  oper- 
ated within  broadly  constant  worldwide  budgets,  with  some  fluctua- 
tion during  peak  capital  expenditure  years.  While  further  concen- 
tration of  facilities  is  perhaps  inevitable,  more  than  one  region 
with  a  forefront  accelerator  capability  working  effectively  in  high 
energy  physics  is  essential. 

"It  is  also  essential  that  the  limited  number  of  unique  facilities 
remain  open  to  competent  scientists  from  all  over  the  world.  Thus, 
it  is  considered  of  great  importance  to  continue  the  discussion  and 
planning  on  an  intergovernmental  ievel." 

The  report  then  goes  on  to  speak  to  the  subpanel  reports  on  coop- 
eration in  technology,  and  we  have  heard  a  fair  amount  of  discus- 
sion of  that  It  is  active  and  it  should  and  will  continue. 

It  also  spoke  and  essentially  challenged  the  heads  of  state  to  rec- 
ognize that  there  are  administrative  problems— visas,  work  per- 
mits, export  control  licensing,  where  you  need  to  use  these  tilings 
in  a  detector  fpr  10  years,  and  essentially  no  country  allows  you  a 
temporary  visa  or  entrance  permit  longer  than  3  years — and  many 
problems  of  that  sort  which  are  administrative  things  that  hamper 
scientific  collaboration  in  all  fields,  where  the  heads  of  state  could 
do  a  valuable  service  to  international  scientific  collaboration  by 
trying  to  remove  some  of  those  barriers. 

We  believe  the  process  is  going  well.  Obviously,  there  are  very 
difficult  problems.  Each  region  has  its  own  ambitions.  It  has  its 
plans  and  commitments.  How  far  it  will  go  in  terms  of  world  accel- 
erators built  together  I  don't  know  how  to  foretell.  I  believe  that 
the  one  thing  that  is  clearly  coming  from  this  is  a  relatively  high 
assurance  that  unwise  duplication  of  facilities  in  the  world  will  not 
occur. 

Thank  you,  sir. 

[The  prepared  statement  of  Dr.  Leiss  follows:] 
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High  energy  physics  is  a  field  at  the  forefront  cutting  edge  of  basic 
research.    It  explores  new  physical  domains  which  have  never  before  been 
accessible  for  investigation.   The  U.S.  program  1s  Internationally 
recognized  for  Its  excellence  and  the  Department  of  Energy  1s  pleased >o 
have  the  lead  role  for  Federal  support  and  planning  for  this  effort. 

Experiments  1n  high  energy  physics  require  the  use  of  very  large, 
expensive  particle  accelerator  facilities,  which  are  necessarily  few  1n 
number.   There  is  close  collaboration  on  a  worldwide  basis  1n  the  planning 
of  high  energy  physics  facilities  to  ensure  that  the  new  major  facilities 
have  complementary  capabilities  and  avoid  unnecessary  dupl  1cat1orj.  A 
major  scientific  forum  for  such  discussion  1s  the  International  Committee 
on  Future  Accelerators  (ICFA)  and  the  Economic  Summit  process  has  provided 
a  political  forum  for  discussions.  High  energy  facilities  are  available 
throughout  che  world  to  qualified  users  on  the  basis  of  the  scientific 
merit  of  their  proposals,  without  charge  for  beam  time  and  without 
consideration  of  their  nationality.    There  1s  a  long  history  of  excel  lent 
col  laboration  with  the  major  Western  European  centers  at  CERN  and  DESY  and 
with  Japan,  largely  arranged  on  an  informal  basis  between  the 
laboratories.   We  also  have  a  formal  agreement  with  Japan  as  a  part  of  the 
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US/Japan  energy  agreement.  Collaboration  with  the  People's  Republic  of  China 
and  the  USSR  is  also  carried  out  through  formal  b1  later*  1  agreements  of 
collaboration.   Before  proceeding  to  describe  the  U.S.  program*  I  would 
like  to  place  the  U.S.  facilities  1n  a  worldwide  perspective  by  showing 
a  vlewgraph  (Figure  1)  which  Indicates  the  uniqueness  of  t<te  capability  of 
each  of  the  world  machines  1n  terms  of  their  energy  and  luminosity  (a 
measure  of  the  rate  at  which  Interactions  occur).    The  facilities  are 
color  coded  to  Indicate  the  geographic  area  of  each  facility. 

Substantial  progress  has  been  achieved  1n  recent  years  1n  our 
understanding  of  the  fundamental  constituents  of  matter  and  the  basic 
forces  1n  nature.   He  now  have  a  solid  framework,  the  Standard  Model, 
which  incorporates  a  synthesis  of  three  of  the  basic  forces  1n  nature  and 
a  picture  of  matter  as  composed  of  various  combinations  of  a  smal  1  set  of 
basic  constituents,  called  quarks  and  leptons.  Despite  the  great 
successes  of  the  Standard  Model,  its  description  of  nature  1s  Incomplete 
and  there  is  clearly  much  left  to  do.  There  are  very  fundamental, 
important  questions  that  cannot  be  answered  without  further  experimental 
observations. 

The  successes  to  which  I  briefly  alluded  have  been  achieved  with  the 
present  set  of  accelerators  and  colliding  beam  machines.    The  00E- 
supported  U.S.  facilities  include  theFermllab  facility  which  until 
recently  operated  at  400  GeV  for  fixed  target  experiments;  the  SLAC 
facilities,  which  include  fixed  target  experiments  with  beams  of  32  GeV 
electrons  from  the  Linac,  the  4  GeV  on  4  GeV  SPEAR  electron-positron 
col  1  iding  beam  faci  1  ity,  and  the  15  GeV  on  15  GeV  PEP  col  1  iding  beam 
facility;  and  the  AGS  proton  synchrotron  at  BNL  which  provides  30  GeV 
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protons  and  26  GeV  polarized  orotons  for  fixed  target  experiments.  In 
addition  there  Is  the  C£SR  8  GeV  on  8  GeV  electron-positron  collider  at 
Cornell  University  supported  by  the  National  Science  Foundation. 

There  Is  a  two-fold  plan  to  attack  the  new  physics  frontiers  which  must  be 
explored  to  uncover  new  Insights  and  expand  the  horizons  of  new 
understanding.  For  the  near  future,  the  raid-  to  late-1980s  and  early 
1990s,  we  are  nearlng  completion  on  a  set  of  upgrades  to  existing 
facilities.  At  Fermllab,  the  first  step  of  this  program  was  the 
fabrication  and  Installation  of  nearly  1000  superconducting  magnets  1n  the 
main  ring  tunnel  to  raise  the  energy  capability  of  the  accelerator  to  near 
1000  GeV,  and  at  the  same  time  reduce  electric  power  requirements  and 
cct.   T5ie  superconducting  magnet  ring,  a  truly  major,  pioneering 
technological  effort,  has  been  successfully  operating  for  physics  research 
at  energies  up  to  800  GeV  for  over  a  year  and  a  half.  The  remaining  phase 
of  the  Fermi  lab  upgrades  *h?ch  are  presently  under  way  Include  the  upgrade 
of  experimental  fad  1  Ivies  to  handle  fixed  target  experiments  with  the 
higher  energy  secondary  beams  made  possible  by  1000  GeV  protons  and  the 
provision  of  the  antlproton  source  and  experimental  facilities  to  permit 
collision  ot  1000  GeV  protons  with  1000  GeV  antlprotons.    These  two  phases 
of  the  Tevatron  are  progressing  wel  1  and  should  be  ful  ly  operational  by 
FY  1987. 

At  SLAC,  we  are  constructing  the  Stanford  Linear  Collider  (SLC)  as 
an  add-on  t*>  the  SIAL  L1nac.    A  major  purpose  of  SLC  1s  to  test  Impor- 
tant aspects  of  the  technical  feasibility  of  a  new  concept  for  electron- 
positron  colliders  which  1s  essential  to  ex  end  this  domain  of  research 
to  ngnif i^ant!y  higher  energies  than  are  currently  economically  feasible. 
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SLC  will  also  give  U.S.  physicists  early  access  to  the  imporcant  and 
exciting  physics  made  possible  by  copious  production  of  the  Z°  particles 
which  were  recently  discovered  at  CERN. 

Although  these  upgrades  will  permit  exploration  In  new  physical  domains 
and  exciting  new  discoveries,  they  cannot  permit  exploration  of  the  \*V 
mass  scale  where  breakthroughs  1n  understanding  and  new  phenomena  are 
expected.  The  Standard  Hcdel,  1n  Its  present  form,  cannot  provide  a  valid 
description  of  nature  1n  the  TeV  mass  range.  Something  must  change  as  we 
tnter  this  new  domain.  Access  to  the  TeV  mass  scale  will  test  the 
Standard  Model  1n  tn1s  entirely  new  domain  never  before  explored  and  point 
the  way  towards  a  better  and  mor*  encompasslr j  description  of  the 
fundamental  nature  of  matter  and  energy. 

This  brings  us  to  the  longer  range  aspects  of  our  planning,  from  the  m1d- 
to  late-199Ds  and  Into  the  next  century.    In  July  1983,  the  High  Energy 
Physics  Advisory  Panel  (HEPAP)  unanimously  recommended  the  Immediate 
initiation  of  amultl-TeV  high  luminosity  proton-proton  collider  project 
with  the  goal  of  physics  experiments  at  this  facility  at  the  earliest 
possible  date.  After  reviewing  the  recommendation  of  HEPAP  and  Its  1983 
Subpanel  on  New  Facilities,  the  Department  Initiated  preliminary  R&O  1n 
FY  1984  to  more  clearly  define  the  technical  characteristics,  cost,  and  scope 
of  such  a  facility,  now  called  the  Superconducting  Super  Collider  (SSC). 
These  early  studies,  primarily  through  the  Reference  Designs  Study, 
confirmed  the  technical  feasibility  of  the  SSC  and  provided  a  credible 
cost  estimate  for  SSC  construction.   R&D  and  design  studies  are  continuing 
in  FY  1985  and  the  Department  has  requested  funding  for  a  continuation  of 
SSC  R&D  1n  FY  1986,    These  studies  will  result  in  cost-optimized  designs 
for  the  SSC  and  provide  refined  cost  and  schedule  estimates. 
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The  SSC  1s  dearly  crucial  to  continuing  progress  In  high  energy  physics 
for  the  mid-1990s  and  Into  the  next  century.   The  SSC  Is,  however,  a  large 
and  expensive  project  and  the  Department  1s  taking  a  very  cautious 
approach  to  carefully  understand  the  full  costs  and  broad  Implications  of 
proceeding  prior  to  seeking  authorization  to  construct  the  SSC.  Efforts 
presently  under  way  In  this  R40  phase  will  contribute  Important  Input  to 
the  Department's  decision  process. 

Looking  further  into  the  future  Is  very  difficult.   The  Department,  as 

always,  Is  supporting  a  variety  of  efforts  In  long-nnge  advanced 

technology  R4D  to  study  and  develop  new  concepts  and  techniques  that  will 

permit  particle  accelerator  and  detector  facilities  that  have  greater  T 

capability  to  explore  new  physical  domains  while  at  the  same  time  being 

achievable  on  an  economically  feasible  basis. 

In  summary,  I  am  proud  to  be  able  to  report  that  the  U.S.  program  1s 

healthy  today,  that  we  have  under  way  a  program  of  facility  upgrades  to 

ensure  a  world-competi  ti ve  U.S.  progress  for  the  next  decade,  and  we  have 

Initiated  steps  toward  a  future  facility  which  could  carry  us  beyond  the 

mid-1990s  and  into  the  next  century.    Thank  you,  Mr.  Chairman,  for  this 

opportunity  to  appear  before  the  Committee  today.  [ 
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Mr.  Puqua.  Thank  you  very  much.  I  am  sure  we  will  be  discuss- 
ing that  more  in  the  discussion  period. 

Our  next  presenter  will  be  Prof.  Jean  Sacton,  Inter-University 
Institute  for  High  Energies  from  Brussels,  Belgium.  He  is  also 
chairman  of  the  European  Committee  for  Future  Accelerators. 

STATEMENT  OF  PROF.  JEAN  SACTON,  INTER-UNIVERSITY  INSTI- 
TUTE FOR  HIGH  ENERGIES,  BRUSSELS,  BELGIUM,  AND  CHAIR- 
MAN, EUROPEAN  COMMITTEE  FOR  FUTURE  ACCELERATORS 
[ECFA] 

Professor  Sacton.  Mr.  Chairman  and  members  of  the  committee, 
ladies  and  gentlemen,  I  am  pleased  to  be  here  to  present  to  you  a 
very  short  overview  of  the  activities  of  the  European  Committee  for 
Future  Accelerators. 

This  coiniittee  was  created  at  the  initiative  of  the  CERN  DG,  at 
that  time  Vikki  Weisskopf,  in  December  1962,  in  order  to  study  the 
desirable  development  of  high  energy  physics  in  Europe. 

It  has  workeu  ithin  its  present  format  since  1966.  By  the 
present  format,  I  mean  that  it  is  a  two-bodied  thing.  One  is  the  so- 
called  Plenary  ECFA,  and  the  other  one  is  an  executive  body,  Re- 
stricted ECFA. 

In  Plenary  ECFA,  we  have  representation  of  each  member  state 
of  CERN.  There  are  13  national  high  energy  communities.  The  rep- 
resentation of  the  different  countries  is  directly  in  proportion  of 
the  size  of  the  high  energy  physics  community  of  the  different 
countries.  This  body  meets  twice  a  year.  It  is  an  open  meeting 
which  takes  place  at  CERN. 

The  executive  body,  Restricted  ECFA,  is  composed  of  a  German 
and  one  representative  per  member  state.  In  addition,  we  have  the 
pleasure  to  have  the  CERN  DG  and  the  director  of  DESY.  This 
body  meets  every  2  or  3  months  at  CERN,  at  DESY,  or  in  the 
member  states. 

ECFA  represents  a  community  of  the  order  of  2,000  experimental 
physicists  and  about  1,000  theoreticians.  The  terms  of  reference  of 
this  committee  are  to  discuss  the  genera)  policy  of  high  energy 
physics  development  in  Europe  and  to  formulate  recommendations 
in  order  to  prepare  for  the  future. 

In  order  to  do  that,  it  is  making  a  continuous  review  of  the  high 
energy  physics  activities  in  Europe.  This  means  not  only  the  CERN 
and  DESY  Programs  but  also  the  national  plans  and  also  the  uni- 
versity activities. 

This  last  point  is  of  great  importance  for  two  reasons.  One  is  the 
question  of  the  manpower  formation.  It  is  in  the  universities  that 
we  will  find  our  young  physicists  and  engineers,  and  also  because 
many  of  the  problems  we  have  to  attack  need  a  multidisciplinary 
approach,  and  in  the  university  that  is  the  best  environment  to 
find  these  sorts  of  people. 

In  order  to  achieve  this  review,  we  are  organizing  meetings, 
workshops,  and  conferences.  It  is  fair  to  say  that  ECFA  has  no 
links  with  the  governments.  It  has  extremely  good  connections 
with  the  two  international  laboratories  in  Europe,  CERN  and 
DESY,  and  indeed,  the  chairman  of  ECFA  is  a  member  of  the  Sci- 
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entific  Policy  Committee  of  these  two  organizations.  As  I  told  you, 
the  two  directors  attend  our  meetings  very  regularly. 

For  a  long  time,  ECFA  has  promoted  the  idea  that  Europe  should 
have  two  international  laboratories  offering  to  the  European  physi- 
cists complementary  facilities.  In  this  context,  ECFA  has  played  an 
essential  role  in  deciding  about  LEP  and  HERA.  In  order  to  do 
that,  we  organized  a  series  of  meetings  and  a  study  group  between 
the  builders  and  the  users  in  order  to  help  fix  the  machine  param- 
eters and  to  define  the  scientific  programs. 

Among  some  of  the  other  achievements  that  ECFA  has  been 
doing  in  the  last  few  years,  I  would  like  to  mention  that  we  are 
regularly  reviewing  the  needs  and  the  available  resources  for  high 
energy  physics  in  Europe.  By  that  I  mean  not  only  the  question  of 
finance  but  also  the  question  of  manpower  and  technical  support. 

One  of  the  recommendations  of  ECFA  has  been  to  promote  vigor- 
ous home  activities.  As  I  already  told  you,  the  contacts  with  the 
unraraties  are  of  primary  importance  for  us.  In  this  context,  also, 
ECFA  bas  been  a  prime  mover  in  developing  European  computing 
links  and  networks.  * 

Indeed,  if  you  want  to  do  physics  at  a  distance,  it  is  the  best  way 
to  do  it,  and  this  would  save  and  guarantee  the  future  of  the  high 
energy  physics  in  the  universities.  This  becomes,  also,  extremely  es- 
sential within  the  development  of  the  very  huge  collaboration, 
international  collaboration,  that  our  field  knows. 

As  a  result  of  these  activities  and  their  effects,  I  can  tell  you  that 
Europe  has  a  very  strong  and  diversified  program  which  goes  up  to 
the  early  1990  s.  You  have  heard  the  plans  of  CERN  and  DESY.  It 
is  fair  to  mention,  also,  that  among  our  plans  we  have  to  include 
participation  in  the  U.S.  activities,  and  this  is  especially  true 
at  Teyatron  I  and  Tevatrcn  n,  which  are  now  becoming  unique 
facilities  for  which  we  have  not  a  correspondent  in  Europe. 

As  I  told  you,  part  of  the  preoccupation  of  ECFA  is  to  prepare  for 
the  l0^-temfoture.  I  would  just  like  to  mention  two  recent  initia- 
tives that  ECFA  has  had  in  order  to  prepare  for  this  long-term 
future,       has  already  been  tackled  by  Giorgio  BriantL 

In  im,  CERN  and  ECFA  organized  a  workshop  on  the  feasibili- 
ty ot  a  large  hadron  collider  in  the  LEP  tunnel.  I  would  not  sur- 
prise you  by  telling  you  that  one  of  the  first  conclusions  of  that 
meeting  was  that  a  large  hadron  collider  is  an  essential  facility 
that  we  will  need  in  the  near  luture,  and  we  can  guarantee  first 
class  physics. 

The  practical  output  of  our  meeting  was  that  there  was  no  basic 
technicali pbstacl  in  order  to  build  such  a  machine  in  the  LEP 
tunnel.  Of  course,  one  of  the  constraints  is  the  real  dimension  of 
the  tunnel,  which  implies  for  us  that  we  should  launch  as  soon  as 
possible  a  program  of  research  and  development  of  high-field  mag- 
nets. When  I  said  high-field  magnets,  I  mean  8  to  10  Tedlas. 

Indeed,  one  of  the  followups  of  this  workshop  has  been  that 
U!*Kh,  under  the  initiative  of  Giorgio  Brianti,  launched  such  a  pro- 
gram in  Europe  in  a  sort  of  collaborative  effort  in  order  to  tackle 
this  problem. 

The  coming  generation  of  machines— and  when  I  am  speaking  of 
thus,  I  have  in  mind  LEP,  SLC,  HERA,  SSC,  and  all  theseEffl- 
is  based  on  extrapolation  to  higher  energies  of  known  acceleration 
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techniques.  But  it  has  now  become  clear  that  the  long-term  future 
of  high  energy  physics  is  strongly  linked  to  the  development  of 
novel  ideas  on  how  to  reach  even  higher  energy  \dthout  increasing 
excessively  the  dimension  of  the  machines  and  the  cost. 

In  this  period,  the  second  initiative  1  want  to  nention  of  ECFA 
has  been  the  organization  of  a  workshop  on  the  generation  of  high 
fields  for  particle  acceleration  to  very  high  energies.  At  the  occa- 
sion of  this  workshop,  we  were  pleased  to  see  that  the  understand- 
ing of  many  of  these  processes  is  now  well  underway,  and  even 
more,  that  we  are  starting  to  do  some  experimental  tests. 

One  bad  conclusion  we  had  in  Europe  was  that  we  noticed  that 
Europe  was  not  on  the  front  line  on  these  activities;  that,  on  the 
contrary,  a  big  effort  was  made  in  the  States  in  order  to  develop 
these  new  techniques  for  acceleration  of  particles. 

Therefore,  one  of  the  nugor  efforts  at  ECFA  that  we  will  do  in 
the  near  future  will  be  to  promote  in  Europe  theoretical  and  exper- 
imental work  on  these  topics. 

Again,  as  a  practical  consequence  of  this  meeting,  we  had  the 
pleasure  to  see  that  some  activities  are  now  starting  in  France  and 
in  Italy  to  complement  the  two  projects  which  were  already  under 
way,  one  in  DESY  and  the  other  one  in  the  United  Kingdom. 

The  question  of  international,  interregional  collaboration  will 
surely  be  tackled  in  the  next  meeting,  but  I  would  like  to  tell  you 
that  very  recently  we  have  recognized  the  fact  that  ECFA  should 
not  work  by  itself  but  should  try  to  make  some  contact  with  the 
other  communities  of  high  energy  physicists,  and  we  are  now  nego- 
tiating between  HEPAP  and  ECFA  the  posbibility  of  there  being 
regular  exchanges,  for  example,  having  observers  to  our  meetings. 

On  the  practical  side,  I  can  say,  also,  that  steps  have  been  taken 
in  order  to  put  together  the  two  communities  who  are  looking  at 
the  very  important  problems  of  computing  links  and  networks. 

Thank  you. 

Mr.  Fuqua.  Thank  you  very  much. 

Our  final  presenter  will  be  Prof.  Boyce  McDaniel,  who  is  director 
of  the  Laboratory  for  Nuclear  Studies  at  Cornel]  University  and  a 
member  of  the  International  Committee  for  Futu*  a  Accelerators. 

Professor,  we  are  pleased  to  have  you  here  and  receive  your  re- 
marks. 

[The  biographical  sketch  of  Dr.  McDaniel  follows:] 

Dr.  Boyce  D.  McDaniel 

Boyce  D.  McDaniel  was  awarded  the  B.A.  (1938),  M.A.  (1940),  and  Ph.D.  (1943)  de- 
grees from  Ohio  Wesleyan  University,  Case  School  of  Applied  Science,  and  Cornell 
University,  respectively.  He  served  as  a  staff  member  at  the  MIT  Radiation  Labora- 
tory in  1943  and  at  th?  Los  Alamos  Laboratory  of  the  Manhattan  Project  from  1943 
to  1946.  In  1946  he  was  appointed  Assistant  Professor  at  Cornell  University,  with 
successive  appointments  to  Associate  Professor  and  Professor.  From  1960  to  1967  he 
held  the  position  of  Associate  Director  of  the  Newman  Laboratory  of  Nuclear  Stud- 
ies at  Cornell  University.  Since  1967  he  has  been  Director  of  the  Laboratory.  While 
on  leave  in  1972,  he  served  as  Head  of  the  Accelerator  Section  of  the  Fermi  Nation- 
al Accelerator  Laboratory,  and  again  in  1974  as  a  group  head  within  that  section. 
For  12  years  he  was  a  member  of  the  Board  of  Trustees  of  Associated  Universities! 
Inc.,  and  for  6  years  a  member  of  the  Board  of  Trustee  of  Universities  Research  As- 
sociation, Inc.  He  also  served  for  3  years  on  the  HEPAP  committee  of  the  Depart- 
ment of  Energy.  He  is  currently  a  member  of  the  International  Committee  for 
Future  Accelerators  of  IUPAP.  He  is  now  serving  as  Chairman  of  the  Board  of 
Overseers  for  the  Superconducting  Super  Collider  (SSO  under  the  Universities  Re- 
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search  Association.  He  has  served  on  numerous  departmental  and  institutional 
review  committees.  As  an  experimentalist  in  nuclear  physics,  aarticle  physics  and 
accelerator  physic^he  has  worked  in  the  fields  of  Af^^^^SS^h. 

^^h^^n"^n+phy8i^  "*  *  major  rok^Fcon- 

strucbon  of  five  election  accelerator  and  storage  rimj  facilities 

Fellow,  American  Physical  Society,  DPF. 

Member,  National  Academy  of  Sciences. 

Fulbrigfat  Research  Award;  1953. 

Fulbright  Research  Award,  1959. 

Joha  Simon  Guggenheim  Fellow,  1959. 

STATEMENT  OF  DR.  BOYCE  D.  McDANIEL,  PROFESSOR  OF  PHYS- 
JSL*?0  DIRECTOR,  FLOYD  R  NEWMAN  LABORATORY  OF 
WGLEAR  STUDIES,  CORNELL  UNIVERSITY,  AND  MEMBER 
™™^ATIONAL  COMMITTEE  FOR  FUTURE  ACCELERATIONS 
[ICFAJ,  ITHACA,  NY 

Dr  McDantjsl.  Chairman  Fuqua  and  members  of  the  committee,  I 
ampleased  to  have  this  opportunity  to  tell  you  about  the  activities  of 

The  acronym  comes  from  its  title,  the  International  Committee 
for  Future  Accelerators.  This  is  a  committee  of  IUPAP,  the  Inter- 
national Union  for  Pure  and  Applied  Physics,  that  sponsors  many 
scientific  activities  and  conferences. 

Though  there  had  been  for  a  number  of  years  discussions  be- 
tf^n  repn^ntatives  from  various  countries,  the  actual  organiza- 
tion of  ICFA  was  set  up  in  1976,  and  the  basic  mandate  was  as  fol- 
lows. 1  will  read  it:  To  organize  workshops  for  the  study  of  prob- 
SS?  to  a  ^  an  mternational  super-high  energy  accelerator  com- 
plex-VBA,  the  Very  Big  Accelerator'-and  to  elaborate  the 
framework  of  its  construction  and  of  its  use." 

The  second  item  is,  'To  organize  meetings  for  the  exchange  of  in- 
formation on  future  plans  of  regional  facilities  and  for  the  formula- 
tion of  advice  on  joint  studies  and  uses." 

Since  that  date,  ICFA  has  met  a  total  of  11  times  and  has  spon- 
sored several  activities  which  I  will  describe. 

The  regional  composition  of  ICFA  consists  of  three  major  blocks, 
each  block  having  three  representatives.  These  are  the  CERN 
member  states,  the  Soviet  Union,  and  the  United  States. 

In  addition,  there  is  one  representative  from  Japan  and  one  from 
various  nations  associated  with  the  Joint  Institute  for  Nuclear  Re- 
search at  Dubna,  and  then  there  is  a  further  representative  to 
serve  the  remainder  of  the  world  scientific  community.  Currently, 
this  latter  position  is  a  rotating  position  and  is  currently  appointed 
to  a  scientist  from  India. 

The  chairman  of  the  committee  is  chosen  from  the  committee, 
and  che  chairman  of  the  IUPAP  Particles  and  Fields  Commission  fe 
also  an  ex  officio  member  of  the  committee. 

Now,  the  initiation  of  this  activity  was  based,  of  course,  on  tl>e 
kinds  of  tilings  that  we  are  talking  about  here,  namely  that  some 
clay  we  would  be  wanting  to  build  an  accelerator  ahich  was  so  big 
that  you  could  not  do  it  by  any  national  effort  and  that  would  r£ 
quire  collaboration  of  all  those  people  who  were  interested  in  hieh 
energy  physics. 

However,  the  question  of  size  of  what  that  facility  is,  at  what 
point  do  you  reach  that  stage,  is  one  which  has  been  changing 
through  the  years.  At  each  point  you  sort  of  thought,  well,  this 
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must  be  it,  and  then  there  would  be  a  new  innovation  which  would 
allow  you  to  make  another  reach  with  a  great  increase  in  expendi- 
ture. 

Then,  of  course,  there  is  always  the  question,  Well,  whose  turn  is 
it  next?  The  guy  who  thinks  he  can  get  it  regionally  will  always  try 
to  make  his  pitch,  and  then  what  you  find  is  that  one  time  it  is  one 
country  that  is  sort  of  dragging  its  feet;  another  time,  it  is  another 
country,  and  so  forth.  We  have  been  through  two  or  three  cycles  of 
that. 

However,  it  seems  to  me  that  there  is  one  of  the  things  that  has 
changed — a  recognition,  at  least,  of  one  changing  factor— but  we 
see  that  there  isn't  just  one  big  accelerator;  there  are  complemen- 
tary accelerators,  as  we  have  seen,  right  now  we  are  talking  about 
a  large  electron  collider,  LEP.  We  have  hadron  colliders  and  now 
the  HERA  machine,  which  is  an  electron-proton  machine. 

So  we  have  not  been  able  to  establish  a  real  scenario  for  the 
future  yet,  at  least  in  terms  of  the  VBA,  and  so  the  VBA  concept 
has  not  become  the  issue.  The  real  issue  is  how  can  we  present  a 
foil  program  and  one  which  is  nonredundant  and  proceed  to  pro- 
vide all  the  tools  that  we  need. 

Now,  ICFA  established  in  1977  a  Super  High  Energy  Facility 
Study  Group  for  the  purpose  of  examining  the  technical,  organiza- 
tional, and  scientific  problems  pertaining  to  large  accelerators.  A 
total  of  three  major  workshops  was  set  up.  These  were  quite  impor- 
tant. They  have  had  influence  on  the  choices,  the  decisions,  and 
our  research  and  development  efforts. 

The  names  of  these  were  "Possibilities  and  Limitations  of  Accel- 
erators and  Detectors"  held  at  Fermilab  in  October  of  1978;  the 
same  title  for  another  meeting  in  CERN  in  1979;  and  then  "Super- 
conducting Magnets  for  Accelerators"  at  the  Institute  for  High 
Energy  Physics  in  Serpukhov  in  1980. 

In  addition  to  these,  there  is  establishment  of  a  very  important 
principle  having  to  do  with  guidelines  for  experimental  use  of  in- 
terregional facilities.  We  have  already  heard  reference  to  it.  These 
guidelines  are  given  in  some  of  the  attachments  to  my  testimony, 
but  the  main  content  is  the  following: 

The  selection  of  experiments  and  the  priority  accorded  to  them  will  be  based  only 
on  the  scientific  merit  and  the  *echnical  feasibility  of  experiments,  and  on  the  capa- 
bilities of  the  experimental  group  and  the  availability  of  resources  needed  to  carry 
out  the  experiments. 

The  operating  laboratories  should  not  require  the  experimental  groups  to  contrib- 
ute to  the  operating  costs  of  the  accelerators  and  collider  or  of  their  experimental 
areas.  However,  it  is  recognized  that  V  the  participation  of  teams  from  the  other 
regions  becomes  excessive,  the  operating  laboratories  might  be  obliged  to  limit  that 
participation  after  discussing  the  matter  with  the  authorities  in  the  other  regions 
and  with  the  other  operating  laboratories. 

Over  a  sufficient  period  of  time,  it  is  expected  that  a  rough  balance  would  be  es- 
tablished between  the  utilization  of  the  new  front-line  machines  by  the  different  re- 
gions. 

These  guidelines  are  being  observed,  and  this  action  has  been  a 
very  significant  precedent  in  high  energy  physics. 

In  addition  to  the  cooperative  steps  described,  there  are  a 
number  of  significant  steps  in  the  cooperative  funding  and  oper- 
ation of  major  detection  equipment  at  various  laboratories.  We 
have  already  heard  various  earlier  speakers  refer  to  that,  and  I 

O 

ERLC 

 58  


53 


think  there  is  no  point  in  saying  more  except  to  say  that  it  is  a 
very  widespread  mode  of  operation  and  is  clearly  quite  successful. 

In  1982,  after  extensive  deliberations  by  the  HEPAP  panel  of  the 
Department  of  Energy,  it  was  decided  that  the  SSC  was  the  top  pri- 
ority for  construction  in  the  United  States,  and  also,  you  have 
heard  earlier  today  about  the  large  hadron  collider  which  has  been 
conceived  of  as  the  plan  for  Europe,  for  CERN,  and  so  at  the  time 
of  the  announcement  of  the  United  States  interest  in  the  SSC  at 
the  meeting  in  Fermilab  of  ICFA,  it  became  a  very  important  point 
of  discussion. 

After  consideration  and  a  lot  of  discussion  about  that,  it  was  de- 
cided to  hold  a  rather  larger  meeting  last  year  in  Kyoto  in  Japan 
in  which  some  100  high  energy  physicists  from  all  over  the  world 
came  to  discuss  this  problem  and  to  readdress  the  question  of  just 
what  was  the  role  of  ICFA. 

At  that  point,  the  ICFA  group  reformulated  the  guidelines,  and  I 
will  read  again.  The  new  guidelines  were:  "To  promote  internation- 
al collaboration  in  all  phases  of  the  construction  and  exploitation 
of  very  high  energy  accelerators."  Its  purpose  is  to  assist  and  facili- 
tate in  accelerator  design  and  construction. 

Part  of  the  statement  is:  "To  organize  regularly  world-inclusive 
meetings  for  the  exchange  of  information  on  future  plans  for  re- 
gional facilities  and  for  the  formulation  of  advice  on  joint  studies 
and  uses." 

Third  is:  "To  organize  workshops  for  the  study  of  problems  relat- 
ed to  super  high  energy  accelerator  complexej  and  their  interna- 
tional exploitation,  and  to  foster  research  and  development  of  nec- 
essary technology." 

Now,  a  more  complete  statement  that  was  made  by  the  commit- 
tee says,  Based  on  the  consensus  of  the  participants  in  the  KEK 
seminar,  ICFA  views  its  mqjor  current  role  as  facilitating  the  con- 
struction of  high  energy  accelerators  and  not  as  arbitrating  among 
various  national  or  regional  options." 

I  think  in  this  regard  there  is  a  real  distinction  between  ICFA 
and  ECFA,  ECFA  being  the  European  group,  because  they  have 
reached  agreement  on  their  plans  for  the  Europeans  in  the  past 
and  presumably  in  the  future. 

Now,  in  terms  of  v,he  response  to  the  recommendation  for  work- 
shops, ICFA  has  established  four  panels,  one  on  superconducting 
magnets  and  cryogenics,  one  on  beam  dynamics,  one  on  new  accel- 
erSJ?r  8C^iemes»  and  one  on  future  instrumentation  and  innovation. 

There  are  workshops  now  planned  during  the  coming  year  for 
that  Another  innovation  that  is  proposed  is  an  international 
school  for  detector  design  and  construction.  We  already  have  coop- 
eration in  the  field  of  accelerator  schools,  accelerator  design,  be- 
tween CERN  and  the  United  States.  We  also  have  our  own  nation- 
al programs.  But  now  it  is  pointed  out  that  these  detectors  are, 
themselves,  so  complex,  and  there  is  such  a  wide  variety  of  infor- 
mation available  and  so  much  work  going  on,  it  is  important  that 
we  teach  people  how  to  do  that. 

So  that  is  essentially  the  status  of  ICFA  and  where  we  are  at  the 
moment.  We  will  be  meeting  again  in  October  1985  in  Brussels. 

Thank  you. 

[The  prepared  statement  of  Dr.  McDaniel  follows:] 
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STATUS  AND  FUTURE  PLANS 


of  the 


INTERNATIONAL  COMNZTTfiS  FOR  FUTURE  ACCELERATORS 


Mr.  Chairman  and  Members  of  the  Committee,  I  an  pleased  *">  have 
this  opportunity  to  describe  to  you  the  activities  of  the  international 
science  organization  called  ICFA  and  its  relation  to  the  question  of 
international  collaboration  in  "Big  Scier.ce,"  particularly  with  respect 
to  High  Energy  Physics. 

ICFA  is  the  acronym  for  the  International  Committee  for  Future 
Accelerators.    It  is  a  committee  of  the  parent  organization,  the  Interna- 
tional Union  of  pure  and  Applied  Physics  (IUPAP),  which  coordinates, 
internationally,  various  scientific  activities  and  conferences.    The  ICFA 
committee  was  set  up  in  1976  with  the  mandate 

(a)  to  organize  workshops  for  the  study  of  problems 
related  to  an  international  superhigh  energy 
accelerator  complex  (VBA,  i.e.,  "Very  Big  Accelerator") 
and  to  elaborate  the  framework  of  its  construction 

and  of  its  use; 

(b)  to  organize  meetings  for  the  exchange  of  information 
on  future  plans  of  regional  facilities  and  for  the 
formulation  of  advice  on  Joint  studies  and  uses. 

Since  the  <Jate  of  its  formulation,  ICFA  has  met  a  total  of  eleven 
times  and  has  sponsored  several  activities  which  I  will  describe. 

The  regional  composition  and  current  members  of  the  committee,  as 
allocated,  are  given  in  Attachment  I.    There  are  three  major  blocks— the 
CERN  member  states,  the  Soviet  Union,  and  the  United  States.    In  addi- 
tion, there  is  one  representative  from  Japan  and  one  from  among  the 
various  nations  associated  with  the  Joint  Institute  for  Nuclear  Research 
at  Dubna,  USSR.    There  is  a  further  representative  to  serve  the  remainder 
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of  the  world  scientific  community.    Currently,  this  rotating  position  is 
occupied  by  a  scientist  from  India.    The  ICFA  Chairman  is  normally  chosen 
from  the  Committee  and  the  Chairman  of  the  IUPAP  Particles  and  Fields 
Commission  is  an  ex  officio  member  of  the  Committee. 

The  initiating  impetus  for  the  formation  of  ICFA  was  the  recog- 
nition of  the  possibility  that  the  science  of  High  Energy  Physics  might 
one  day  require  the  construction  of  an  accelerator  facility,  the  scope  of 
which  would  place  it  beyond  the  capabilities  of  any  of  the  separate 
regions  now  active  in  the  field.    It  appeared  to  be  appropriate  to  anti- 
cipate such  a  date  by  investigating  the  scientific,  technical,  economic, 
and  organizational  problems  connected  with  world-wide  collaboration  in 
the  construction  of  such  an  accelerator.    This  accelerator  was  referred 
to  as  the  "Very  Big  Accelerator"  (VBA).    It  is  with  this  goal  in  mind 
that  the  original  mandate  quoted  above  was  established. 

One  of  the  issues  is  the  question  of  the  size  of  facility  which 
meets  the  definition  of  VBA.    As  time  has  passed,  because  of  various 
innovations  in  the  technology  of  accelerator  construction,  the  regional 
capabilities  for  achieving  ever-increasing  energies  have  thus  far  been 
adequate.    It  has  further  become  apparent  that  in  order  to  satisfy  the 
needs  of  the  field,  complementary  facilities  of  different  types  are 
required  and  that  the  concept  of  a  single  "Very  Big  Accelerator*1  does  not 
meet  the  need.    For  these  leasons,  it  has  been  difficult  to  achieve, 
within  ICFA,  agreement  on  a  scenario  for  the  future.    In  the  meantime, 
however,  ICFA  has  accomplished  a  number  of  very  important  things. 

ICFA  established,  in  1977.  a  "Super  High  Energy  Facility  Study 
Croup"  for  the  purpose  of  examining  the  scientific,  technical,  anC  organ- 
izational problems  pertaining  to  a  super  high  energy  accelerator  (/BA). 
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A  total  of  three  major  workshops  were  organized.    These  were  very  produc- 
tive and  have  had  an  important  influence  on  our  views  of  large  acceler- 
ators and  have  in  Tact  afrected  the  course  of  accelerator  development 
since  that  date.    The  following  workshops  were  held:    "Possibilities  and 
Limitations  of  Accelerators  and  Detectors"  held  at  Fermilab  in  October 
1978.  then  again  at  CERN  in  October  1979;  "Superconducting  Magnets  for 
Accelerators"  at  the  Institute  for  High  Energy  Physics  in  Serpukhov,  USSR 
in  June  1980. 

Another  verv  important  action  of  ICFA  was  the  establishment  of 

guidelines  for  the  experimental  use  of  interregional  facilities.  These 

guidelines  were  subsequently  endorsed  by  all  the  major  high  energy 

physics  laboratories  in  the  world,    me  full  text  cf  these  guidelines  is 

given  in  attachment  II  appended  to  the  submitted  testimony.    The  main 

content  may  be  described  in  the  following  terms: 

The  selection  of  experiments  and  the  priority  accorded  to 
them,  will  be  based  only  on  the  scientific  merit  and  the 
technical  feasibility  of  the  experiments,  and  on  the  capa- 
bilities of  the  experimental  group  and  the  availability  of 
the  resources  needed  to  carry  out  the  experiments.  The 
operating  laboratories  should  not  require  the  experimental 
groups  to  contribute  to  the  operating  costs  of  the  accel- 
erators and  collider  or  of  their  experimental  areas.  How- 
ever, it  ia  recognized  that  if  the  participation  of  teams 
from  the  other  regions  becomes  excessive,  the  operating 
laboratories  might  be  obliged  to  limit  that  participation 
after  discussing  the  matter  with  the  authorities  in  the 
other  regions  and  with  the  other  operating  laboratories. 
Over  a  sufficient  period  of  time  it  is  expected  that  a 
rough  balance  would  be  established  between  the  utilization 
of  the  new  front-line  machines  by  the  different  regions. 

These  guidelines  are  being  observed  by  the  laboratories  and  this  action 

has  set  a  precedent  for  significant  international  cooperation  in  high 

energy  physics. 
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In  addition  to  the  cooperative  step  described  above,  in  recent  years 
the^e  have  been  significant  steps  in  the  cooperative  funding  and  operation 
of  major  detection  equipment  at  various  laboratories.    As  the  field  has 
matured,  the  detection  devices  have  become  more  complex  and  expensive. 
Individual  experimental  collaborations  frequently  involve  institutions 
from  several  different  countries.    It  is  now  rather  common  that  l*ie  exper- 
imentalists from  the  different  countries  commit  themselves  to  provide 
various  components  of  the  detector.    These  arrangements  appear  t  :e 
been  quite  successful. 

In  1982,  after  extensive  deliberations,  the  High  Energy  Physics 
Advisory  Panel  of  the  Department  of  Energy  recommended,  as  its  top 
priority,  the  construction  of  a  very  higri  energy  hadron  colliding  beam 
facility  called  the  Superconducting  Super  Collider  (SSC).    Because  con- 
struction of  such  a  facility  would  influence  the  plans  of  other  countries 
and  laboratories,  the  announcement  stimulated  intense  discussion  at  a 
meeting  of  ICFA  held  at  Fermilab  in  August  1983.    As  a  result  of  this 
discussion  it  was  decided  that  it  would  be  appropriate  to  have  a  broader 
discussion  of  the  role  of  ICFA  with  regard  to  interregional  planning  for 
accelerator  facilities.    A  one-week  seminar  was  scheduled  to  be  held  at 
the  Japanese  high  energy  physics  establishment,  KEK,  at  Kyoto  in  May  1984. 
The  title  of  the  seminar  was  "Future  Perspectives  in  High  Energy  Physics" 
ana  it  was  attended  by  about  100  leading  physicists  invited  from  all  parts 
of  the  world. 

At  this  seminar  there  was  a  survey  of  the  various  activities  and 
plans  of  the  high  energy  physics  community  throughout  the  world,  followed 
by  an  intensive  discussion  of  the  role  which  ICFA  should  play  in  t:.e 
planning  of  the  next  generation  of  accelerators.    The  outcome  of  these 
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deliberations  was  formulated  in  a  revised  statement  of  the  role  t:  je 
played  by  ICFA  as  given  below: 

(a)  to  promote  international  collaboration  in  all  phases 
of  the  construction  and  exploitation  of  very  high 
energy  accelerators; 

(b)  to  organize  regularly  world- inclusive  meetings  for  Uie 
exchange  of  information  on  future  plans  for  regional 
facilities  and  for  the  formulation  of  advice  on  Joint 
studies  and  uses; 

(c)  to  organize  workshops  for  the  study  of  problems 
related  to  super  high  energy  accelerator  complexes 
and  their  international  exploitation,  and  to  tester 
Research  and  Development  of  necessary  technology. 

In  a  more  complete  statement  of  the  conclusions  of  the  meeting  the  fol- 
lowing point  was  made:    "Based  on  the  consensus  of  the  participants  in 
the  KEK  seminar,  ICFA  views  its  major  current  role  as  facilitating  the 
construction  of  high-energy  accelerators  and  not  as  arbitrating  among 
various  national  or  regional  options." 

In  response  to  the  recommendation  for  workshops,  ICFA  has  now 
established  special  panels  to  arrange  activities  in  the  following  areas: 

(a)  Superconducting  Magnets  and  Cryogenics 

(b)  Beam  Dynamics 

(c)  New  Accelerator  Schemes 

(d)  Future  Intrumentation  Innovation  and  Development 
Workshops  are  being  scheduled  in  each  of  tnese  fields  for  the  coming 
year,    rhe  proposed  programs  are  comprehensive  and  involve  a  broad  par- 
ticipation by  the  community  of  expsrts.    while  a  Joint  accelerator  summer 
school  has  already  been  established  by  CERN  and  the  United  States,  it  is 
proposed  that  a  similar  international  school  under  ICFA  auspices  be 
established  tor  training  in  the  design  and  construction  of  detectors. 

A  summary  of  recent  activities  of  ICFA  prepared  by  the  ICFA 
secretary,  W.  0.  Lock,  is  given  in  Attachment  III.    The  next  meeting  of 
ICFA  is  scheduled  for  October  1985  in  Brussels,  Belgium. 

In  summary,  I  feel  that  *CFA  is  a  useful  organization  which  has  the 
primary  role  of  providing  a  public  forum  for  discussion  of  issues  of 
international  cooperation  and  maintaining  effective  communication  between 
the  various  regional  domains  of  activity  in  high  energy  physics.  Efforts 
are  currently  being  made  to  make  it  -  ire  effective  in  support  of  the 
goals  of  the  field. 
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Attacnment  I 


REGIONAL  COMPOSITION  AND  MEMBERSHIP  OF  ICFA 


April  1985 


Chairman: 


V.  L.  Telegdi  (Eide.  Technische-Hochschule,  Zurich,  Switzerland) 
Secretary; 

W.  0.  Lock  (CERN,  Geneva,  Switzerland) 
CERN  Member  States; 

J.  Sacton  (Universities  of  Brussels,  Brussels,  Belgium) 
H.  Schopper  (CERN,  Geneva,  Switzerland) 

V.  L.  Telegdi  (Eide.  Technische-Hochschule,  Zurich,  Switzerland) 
JINR  Member  States  Other  than  USSR: 

N.  Van  Hieu  (National  Center  for  Scientific  Research,  Hanoi,  Viet  Nam) 

USA; 

B.  McDaniel  (Cornell  University) 

L.  Pondrom  (Univ.  of  Wisconsin) 

N.  Samios  (Brookhaven  National  Laboratory) 

USoR; 

£.  Myae  (Institute  for  High  Energy  Physics,  Prctvi.no) 

A.  H.  Skrinsky  (Institute  for  Nuclear  Physics,  Novosibirsk) 

V.  A.  Yarba  (Inctit  :te  for  High  Energy  Physics,  Moscow) 

Japan: 

Y.  Yamaguchi  (Univ.  of  Tokyo) 
Fourth  Region; 

P.  K.  Malhotra  (Tata  Institute  of  Fundamental  Research,  Bombay,  India) 
Chairman  of  IUPAP  Particles  and  Fields  Commission  (ex  officio); 
L.  D.  Soloviev  (institute  of  High  Energy  Physics,  Protvino) 
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Attachment  II 
9  July  1980 


Guidelines  proposed  by  ICFA  for  the  Interregional 
Utilization  of  Major  Regional  Experimental  Facilities 
for  High-Energy  Particle  Physics  Research 
(Agreed  by  ICFA  at  its  Fifth  Meeting  held  at  CERN  on  9  July  1980) 


-  Considering  that  in  the  future  major  experimental  facilities  for  high  energy 
particle  physics  research,  notably  the  very  largest  particle  accelerators 
and  collidirg  bean  machines,  are  likely  to  be  few  in  number,  probably  only 
one  of  each  type  of  the  very  highest  energy  and  that  these  machines  will 

be  located  in  different  regions  of  the  world, 

-  And  recognizing  that  experimental  physicists  from  all  regions  will  vish 
to  gain  access  to  these  few  machines  in  order  to  pursue  cheir  research, 

-  ICFA  proposes  that  the  regional  laboratories  operating  thest  facilities 
should  adopt  a  common  policy  towards  experimental  physicists  from  other 
regions  seeking  to  use  the  facilities  they  operate.  The  guidelines  pro- 
posed are  as  follows: 

1.      The  selection  of  experiments  and  the  priority  accorded  to  them  are 

the  responsibility  of  the  Laboratory  operating  the  regional  facility. 
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2.  The  criteria  used  in  selecting  experiments  and  determining  their  prio- 
rity are: 

(a)  scientific  merit 

(b)  technical  feasibility 

(c)  capability  of  the  experimental  group 

(d)  availability  of  t      resources  required. 

3.  It  is  expected  that  te^ms  from  other  regions  will  -normally  wish  to 
join  with  local  regional  teams  to  form  experimental  groups  in  pro- 
posing and  carrying  out  experiments  using  a  regional  facility.  Th; 
national  or  institutional  affiliations  of  the  teams  should  not  influ- 
ence the  selection  of  an  experiment  nor  the  priority  accorded  to  it. 

A.      The  availability  of  the  resources  needed  for  the  experiment  are  exa- 
mined at  the  time  of  selection  of  the  experiment  (see  2  (d)  above). 
The  contributions  of  each  team  and  of  the  Operating  Laboratory  to 
an  experiment  are  the  subject  of  agreements  drawn  up  between  the  Opera- 
ting Laboratory  and  the  authorised  leaders  of  the  teams  in  the  experi- 
mental group.  When  appropriate*  realisation  of  the  proposals  approved 
may  be  effected  Mthin  the  framework  of  bilateral  and  multilateral 
agreements  in  force  or  newly  reached  arrangements. 

5.  Operating  laboratories  should  not  require  experimental  groups  to  contri- 
bute to  the  running  costs  of  the  accelerators  or  colliding  beam  machines 
nor  to  the  operating  costs  of  their  associated  experimental  areas. 

6.  It  is  expected  that  averaged  ovei  *  reasonable  period  of  time  the 

application  of  guideline  2.  above  will  lead  to  a  balanced  use  of  the  , 

major  new  facilities  by  the  regions  concerned.  However*  if  at  any 

time  an  Operating  Laboratory  finds  that  the  participation  of  teams 

from  other  regions  in  their  experimental  programme  is  becoming 

excessive,  the  Operating  Laboratory  may  be  obliged  to  limit  that 

participation.  Any  such  act-ion  should  be  accompanied  by  discussions 

with  the  relevant  authorities  of  the  regions  concerned  and  consultations 

with  the  other  operating  laboratories  subscribing  to  the  Guidelines  1 

laid  down  in  this  document. 
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Attachment  III 


12  February  1985 


RECENT  ACTIVITIES  OF  THE  INTERNATIONAL  COMMITTEE 
FOR  FUTURE  ACCELERATORS,  ICFA 

By  W.O.  Lock,  CERN,  Geneva  -  ICFA  Secretary 


ICFA  is  the  International  Committee  tor  Future  Accelerators,  set 
up  by  the  IUPAP  Particles  and  Fields  Commission  in  1976,  the  first 
meeting  being  held  in  the  summer  of  1977.  it  is  composed  of 
14  members  from  the  different  regions  of  the  world,  distributed 
as  follows:  CERN  Member  States  3;  USA  3;  USSR  3;  Member  States  of 
JINR  (Joint  Institute  for  Nuclear  Research,  Dubna)  other  than 
USSR  1;  Fourth  Region  1,  People's  Republic  of  China  1; 
Japan  1;  the  Chairman  of  the  Particles  and  Fields  Cciaission  is  an 
ex  officio  member.  The  present  Chairman  of  ICFA  is  V.L.  Telegdi  of 
ETH,  Zurich. 

ICFA  arose  out  of  a  series  of  East-West  meetings  to 
review  future  perspectives  in  high-energy  physics  which  took 
Place         at  Riga      (1967),  Semmering  (1968),      Tbilisi  (1969), 

Morges  (1971),  New  Orleans  (1975)  and  Serpukhov  (1976).  At  the 
last  two  meetings  specific  recommendat. ons  were  made  which  directly 
led  to  the  establishment  of  ICFA  with  the  following  mandate  : 

•To  organize  workshops  for  the  study  of  problems  related  to  an 
international  super  high  energy  accelerator  complex  (VBA)  and 
to  elaborate  the  framework  of  its  construction  and  of  its  use. 

To  organize  meetings  for  the  exchange  of  information  and 
future  plans  of  regional  facilities  and  for  the  formulation  of 
advice  on  3oint  studies  and  uses*. 

In  fact,  in  the  little  over  seven  years  of  its  existence 
(August  1977  to  the  present),  ICFA  has  been  active  on  the  first 
topic    and    has    organized    three  workshops,  viz.: 

Two  on  "Possibilities  and  Limitations  of  Accelerators  and 
Detectors*  (Ferrailab,  U.S.A.,  October  1978  and  Les 
Diablerets,  Switzerland,  October  1979) 

and    one  on  "Possibilities  and  Limitations  for  Superconducting 
Accelerator  Magnets'  (Protvino,  USSR,  October  1981). 

It  has  also  drawn  up  guidelines  for  the  use  of  accelerator 
facilities  built  in  one  region  of  the  world  by  research  physicists 
from  other  regions.  During  1981  these  guidelines  were  accepted  by 
the  Directors  of  all  of  the  world's  major  high-energy  laboratories, 
which  effectively  means  that  the  complete  range  of  facilities  is 
available  to  physicists  from  any  country,  the  only  criteria  used  in 
selecting    experiments    to   be    carried    out    being  scientific  merit, 
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technical  feasibility  and  the  capability  of  the  group  proposing  the 
experiment. 

At  an  1CFA  meeting  held  at  Fermilab  in  August  1983,  it  was 
realized  that  the  second  task  of  ICFA  as  defined  above  had  been 
somewhat  neglected,  especially  in  view  of  recent  developments  of 
planned  and  projected  accelerators  in  different  regions  of  the 
world  (e.g.  the  large  electron-positron  collider  at  CERN,  the 
3  TeV  proton  synchrotron  UNK  in  the  USSR  and  the  single-pass 
linear  collider  in  the  USA  as  well  as  the  recently  suggested  20  TeV 
proton  synchrotron  (SSC)  also  in  the  USA).  It  was  therefore 
decided  to  postpone  a  fourth  workshop  which  had  been  scheduled  to 
take  place  at  the  Japanese  National  Laboratory  for  High  Energy 
Physics  (KEK)    in      May       1984    and    instead    to    organize  a 

Seminar  on  'Future  Perspectives  in  High  Energy  Physics',  along 
similar  lines  to  those  held  earlier,  and  particularly  that  of  New 
Orleans  in  1975. 

The  Seminar  took  place  from  14  to  20  May  1984  and  was  attended 
by  about  a  hun<?r  d  participants,  mostly  senior  scientists  from  Eastern 
and  Western  Europe,  USA,  and  Japan,  including  the  Directors  of 
almost  all  the  major  high-energy  physics  laboratories,  and 
representatives  from  Australia,  Canada,  China,  India,  Wexico:  South 
Korea  and  Vietnam. 

The  first  part  of  the  Seminar  was  devoted  to  a  survey  of 
accelerators  now  under  construction  (see  Table  I)  and  of  those 
currently  being  designed  or  under  consideration  (see  Table  II). 
This  was  followed  by  a  number  of  talks  on  the  physics  possibilities 
at  higher  energies,  on  the  associated  experimental  techniques 
to  be  used  and  on  some  technological  aspects  of  accelerator 
construction,  such  as  superconducting  magnets. 

The  second  part  of  the  Seminar  was  organized  as  a 
series  of  panel  discussions  on  ways  and  means  of  encouraging  more 
interregional  collaboration  both  in  research  and  development  work 
and  in  accelerator  construction.  As  a  results  of  the  various 
debates,  ICFA  was  able  to  arrive  at  three  major  conclusions 
which  were  unanimously  endorsed  by  all  the  Seminar  participants  at  a 
final  plenary  session.    These  were  : 

1 .  that  ICFA  *ees  its  major  role  as  facilitating  the 
construction  of  high  energy  accelerators  and  not  as 
arbitrating  among  regional  options; 

2.  that  ICFA  should  sponsor  international  panels  on 
Superconducting  Magnets  and  Cryogenics,  on  Beam  Dynamics, 
on  New  Accelerator  Schemes  and  on  Future  Instrumentation 
Innovation  and  Development  to  coordinate  work  in  these 
fields; 

and  3.  that  ICFA  should  convene  seminars  at  regular  intervals 
to  review  the  status  of  high-energy  physics  and  to 
anticipate  future  activities. 


70 


65 


Table  II 


FUTURE  ACCELERATOR  FACILITIES  BEING  DESIGNED  OR  UNDER  CONSIDERATION 


Name  or 
description 

Location 

Particles 

Energy 

Superconducting 
Super  Collider  SSC 

USA 

PP.  PP 

20*20  TeV 

Hadron  Collider  in 
the  LEP  Tunnel 

CERN. 
Geneva 

PP.  PP 

Various 
options 
5*5  TeV  to 
9*9  TeV 

Large  Linear 
Collider  (LLC) 

SLAC,  USA 

♦  - 

o  e 

1  ♦  1  TeV 

VLEPP 

Novosibirsk 
USSR 

♦  - 
e  e 



Stage  1 
150*150  GeV 
Stage  2 
500*500  GeV 

Note:    Only  the  SSC  has  been  the  subject  of 
detailed  design  studies  thus  far. 
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At  its  most  recent  meeting,  held  in  Leningrad  in  October  1984, 
ICFA  appointed  the  Chairmen  of  the  four  panels  listed  above.  These 
are,  respectively,  G.  Brianti  (CERN) ,  N.  Dikansky  (Novosibirsk), 
A.  M.  Sepsler  (Lawrence  Berkeley  Laboratory)  and  T.  Ekelof  (Uppsala), 
'ihe  membership  of  the  Panels  is  now  being  constituted  and  it  is  hoped 
that  they  will  be  able  to  present  their  draft  programmes  of  work  to 
the  next  ICFA  meeting  which  is  planned  to  be  held  in  Bombay  in  April 
1985. 


Accelerator  facilities  now  under  construction 


Name 

Location 

Part  teles 

Energy 

First  operation 
for  physics 
(estimated) 

BEPC 

Beijing.  China 

electrons  and 

2.8  ♦  2.8  GeV 

1988 

positrons 

TRISTAN 

KEK.  Japan 

electrons  and 

30  +  30  GeV 

1986 

positrons 

SLC 

Stanford.  USA 

electrons  and 

50  ♦  50  GeV 

1987 

positrons 

LEP 

CERN.  Geneva 

electrons  and 

Initially  50  ♦  50  GeV 

end  1988- 

positrons 

then  100  ♦  100  GeV 

early  1989 

TEVATRON  I 

Fermilab.  USA 

protons  and 

1  ♦  1  TeV 

end  1986- 

anttprotons 

early  1987 

HERA 

DESY.  Germany 

electrons  and 

30  +  820  GeVp 

1990 

protons 

UN'K 

Serpukhov.  USSR 

protons 

600  GeV 

1990 

protons 

3  TeV 

1992-93 

9 
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AS  APPROVED  BY  IUPAP,  1976. 
The  aims  of  this  committee  should  be: 

-To  organize  workshops  for  the  study  of  problems  related  to  an 
international  super  high  energy  accelerator  complex  (V.B.A.)  and  to 
elaborate  the  framework  of  its  construction  and  its  use. 

—To  organize  meetings  for  the  exchange  of  information  on  future 
plans  of  regional  facilities  and  for  the  formulation  of  advice  on  joint 
studies  and  uses.  * 


AS  MODIFIED  AND  PROPOSED,  APRIL  1985,  BY  ICFA  FOR 
ACCEPTANCE  BY  IUPAP  AT  ITS  NEXT  MEETING  IN  KYOTO, 
JAPAN,  IN  AUGUST  1985. 


—To  promote  international  collaboration  in  all  phases  of  the  construe* 
tion  and  exploitation  of  very  high  energy  accelerators. 

—To  organize  regularly  world-inclusive  meetings  for  the  exchange  of 
information  on  future  plans  for  regional  facilities  and  for  the  formula- 
tion of  advice  on  joint  studies  and  uses. 

—To  organize  workshops  for  the  study  of  problems  related  to  super 
high-energy  accelerator  complexes  and  their  international  exploita- 
tion, and  foster  Research  and  Development  of  necessary  technology. 
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DISCUSSION 

Mr.  Fuqua.  Thank  you  very  much,  Professor. 

New  we  have  five  very  fine  discussants,  and  I  would  like  to  intro- 
duce them  at  this  time:  Dr.  Leon  Lederman,  who  is  director  of  the 
Fermi  National  Accelerator  Laboratory  in  Illinois;  Dr.  Burton 
Richter,  whom  I  have  already  mentioned,  director  of  the  Stanford 
Linear  Accelerator  Center  in  Stanford;  Prof.  Jack  Sandweiss,  Yale 
Physics  Department,  and  chairman  of  the  Department  of  Energy 
High  Energy  Physics  Advisory  Panel,  HEPAP;  Dr.  Nicholas 
Samios,  director  of  the  Brookhaven  National  Laboratory  in  Long 
Island;  and  Prcf.  Maury  Tigner,  director  of  the  Universities  Re- 
search Association,  Superconducting  Super  Collider  Central  Design 
Group,  at  Lawrence  Berkeley  Laboratory  in  California. 

We  are  very  happy  to  have  all  of  you  gentlemen.  We  will  have 
some  questions,  so  feel  free  to  jump  in  and  express  yourselves  if 
you  feel  that  you  could  elaborate  on  anv  of  the  things. 

I  will  start  out  with  a  real  easy  one.  1  guess  probably  the  largest 
facility  ever  proposed,  the  SSC  or  Superconducting  Super  Collider, 
is  under  serious  consideration  not  only  in  this  country  but  other 
places,  and  its  proponents,  which  probably  are  sitting  in  front  of 
me,  say  that  it  will  enable  scientists  to  penetrate  further  into  the 
ultimate  structure  of  matter. 

I  might  say  it  also  has  its  critics  who  say  that  the  cost  is  too  high 
for  the  science  expected.  What  I  would  like  to  ask  is,  in  your  view, 
is  it  a  device  which  is  needed  not  only  for  research  in  physics  but 
also  to  signal  our  continued  commitment  to  U.S.  leadership  in  sci- 
ence? Or  will  it  be  like  the  SST,  the  supersonic  transport,  20  years 
ago,  a  device  which  was  technically  feasible  but  so  expensive  that 
the  resources  could  robably  be  used  in  other  places? 

Who  wants  to  jump  on  that  easy  one?  Leon. 

Dr.  Lederman.  I  like  the  SST  analogy  because,  if  you  will  re- 
member, with  the  SST,  there  was  always  another  way  of  getting 
from  point  A  to  point  B.  It  took  a  little  longer,  but  you  could  get 
there. 

I  think  the  point  with  the  SSC  is  that  there  is  no  way— and  we 
have  beating  our  heads  against  walls  for  now  6  or  7  years— of  find- 
ing any  other  way  of  getting  the  information  that  the  SSC  is  de- 
signed to  get. 

We  are  following  the  scientific  dictates  of  the  theory  as  we  un- 
derstand it,  and  it  points  to  a  machine  of  roughly  those  param- 
eters, and  we  can  get  hints  from  all  kinds  of  avenues,  from  our  e  3- 
tronomer  friends  and  from  other  experiments  we  are  doing  now, 
but  we  all  feel,  I  think,  A\at  there  is  widespread  consensus,  which  I 
think  is  worldwide,  that  these  particular  kinds  of  parameters,  the 
rough  paramete  of  the  SSC,  are  necessary  if  we  are  ever  going  to 
get  a  complete  understanding  of  the  nature  of  matter  and  energy. 

As  far  as  the  first  part  in  which  you  asked  if  this  was  too  expen- 
sive, the  answer  is  that  we  are,  I  think,  horrified  and,  as  peoole  not 
usually  noted  for  humility,  a  bit  in  awe  of  the  price.  We  are"  deter- 
mined to  try  to  reduce  the  price  if  we  can,  but  we  confess  that  we 
don  t  know  any  dramatic  way  of  doing  that,  and  it  is,  in  perspec- 
tive, about  four  times  more  expensive  than  any  other  project  of 
this  kind. 


74 


69 


I  guess  Fermilab  was  the  biggest  project.  But  it  is  a  logical  pro- 
gression of  our  progress  in  understanding  the  nature  of  the  world 
that  goes  e1!  the  way  back  to  the  beginning  of  science,  so  we  be- 
lieve in  it,  and  we  think  it  is  an  essential  scientific  imperative. 

Mr.  Fuqua.  Would  anyone  else  care  to  comment? 

Professor  Tigner.  I  would  like  to  add  to  Dr.  Lederman's  com- 
ment. I  certainly  agree  with  what  he  says.  However,  I  would  like  to 
remind  us  that  in  fact  this  science  as  it  has  been  pursued  histori- 
cally—and we  now  have  a  long  history  of  pursuing  this  fundamen- 
tal search  for  what  is  it  that  makes  the  material  world  what  it  is, 
how  we  can  understand  the  diversity  and  complexity  which  we  see 
in  simpler  terms,  that  ha3  been  a  generator  of  wealth  for  us,  both 
intellectual  and  technological,  for  many,  many  years. 

So  we  have  a  strong  historical  precedent  for  understanding  ex- 
actly what  the  merits  of  pursuit  of  this  kind  of  science  are.  This 
generation  of  wealth  has  both  been  in  the  primary  scientific  knowl- 
edge that  has  been  sought.  Dr.  Lederman  addressed  himself  to  that. 

Certainly  our  understanding  of  the  world  around  us  has  pro- 
gressed, and  the  technological  and  cultural  consequences  of  that  we 
are  all  now  well  aware  of,  since  we  have  been  engaged  in  its  pur- 
suit since  well  before  the  turn  of  the  century.  We  know  about  the 
tremendous  advances  in  technology  in  our  electronics  and  chemis- 
try, materials,  and  so  forth,  that  have  flowed  from  trying  to  under- 
stand the  fundamental  makeup  of  the  world. 

In  addition,  however,  to  that  primary  generation  of  the  pursuit 
of  this  science  comes  other  intellectual  spinoffs,  you  might 
say.  The  methods,  the  intellectual  methods,  that  have  been  devised 
to  understand  the  data  that  was  generated  by  the  experiments 
have  worked  to  great  advantage  in  helping  us  to  achieve  the  pri- 
mary understanding  that  we  seek.  But  they  have  also  been  applica- 
ble in  other  fields  of  science  and  even  other  areas  of  physics  and 
beyond  physics,  and  that  has  characterized  the  pursuit  of  this  sci- 
ence ever  since  its  beginnings,  and  it  has  not  stopped. 

For  example,  the  most  recent  example  would  be  the  lattice  gauge 
theory  which  was  developed  largely,  or  motivated  largely,  by  the 
pursuit  of  understanding  high  energy  physics,  but  has  also  turned 
out  to  be  an  extremely  powerful  method  for  understanding  many 
other  physical  phenomena  and  will  have  use  in  condensed  matter 
physics  and  all  the  technology  that  flows  from  that. 

In  addition  to  those  intellectual  primary  and  secondary  benefits 
or  generations  of  new  wealth  are  technological  things.  We  h(igrd:  of 
this  very  nice  study  that  Dr.  Brianti  explained  to  us  about  CEftN, 
that  even  in  real  time,  to  speak,  the  expenditures  following  this 
kind  of  science  generate  economic  utility  for  the  infrastructure 
that  supports  the  economic  infrastructure  of  the  particular  region 
of  our  country  that  supports  this. 

The  surprising  thing  is  it  is  not  only  in  electronics  and  comput- 
ers, which  has  the  highest  economic  utility,  but  on  his  pie  diagram, 
you  will  see  that  even  in  classical  thing3  like  the  working  of  steel 
there  have  been  advances  generated  by  interaction  with  high 
energy  physics  activities,  to  say  nothing  of  electrical  equipment 
and  vacuum  and  cryogenics. 
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Now,  that  same  sort  of  thing,  of  course,  happens  throughout  the 
world  where  the  interaction  takes  place  between  the  primary  sci- 
ence and  the  technological  infrastructure  of  a  region  or  country. 

In  addition  to  these,  you  might  say,  immediate  benefits,  of 
course,  there  are  also  the  spinoffs  that  come  from  the  application 
of  the  technology  that  is  developed  to  do  the  high  energy  physics  to 
some  completely  new  field  that  no  one  has  thought  of  in  the  past. 
The  superconducting  magnets  and  materials,  for  example,  that 
have  recently  been  developed  have  already  found  nugor  commer- 
cial and  other  scientific  and  medical  uses.  That  has  been  the  story 
of  this  business  in  the  past. 

Both  the  detector  technologies  have  found  application  widely  out- 
side the  field  of  high  energy  physics,  and  the  accelerators  them- 
selves have  proven  to  be  very  important  economic  instruments. 
There  is  now  an  enormous  medical  and  materials  inspection  proc- 
essing business  which  was  generated  by  our  ability  to  make  accel- 
erators, these  accelerators  originally  having  been  developed  to  do 
this  science. 

So  I  think  it  is  clear  that  the  pursuit  of  basic  particle  physics  has 
been  a  continual  generator  of  new  wealth  for  our  society  and  for 
our  economy  ever  since  its  beginning,  and  I  don't  see  any  reason 
why  we  should  assume  that  that  will  not  continue  to  be  the  case. 

Mr.  Fuqua.  Let  me  ask  our  international  guests,  does  the  rest  of 
the  world  high  energy  physics  community  agree  with  the  U.S.  high 
energy  physics  community  that  the  SSC  or  similar  facility  is  of  the 
highest  priority? 

Professor  Soergel.  I  would  like  to  say  something  to  this  ques- 
tion. For  the  various  questions  which  are  now  pressing  in  particle 
physics,  we  need  several  approaches,  experimental  approaches,  so 
we  need  several  accelerators. 

There  is  general  agreement  amongst  the  community  of  particle 
physicists  that  a  very  high  energy  hadron  collider  is  one  of  the  ma- 
chines which  is  really  wanted  m  the  next  time.  You  can  see  this 
also  from  the  fact  that  people— I  am  not  talking  in  the  United 
States  about  a  large  hadron  collider,  but  also  at  CERN,  for  in- 
stance, like  Dr.  Brianti  outlined. 

We  particle  physicists  are  all  delighted  at  how  well  the  hadron 
collider  at  CERN  has  worked,  what  good  physics  it  seems  to  give, 
and  we  are  all  looking  forward  to  the  higher  energy  collider  which 
the  Tevatron  will  give  us  in  this  next  year.  And  so  we  are  hopeful 
that  there  is  a  good  road  to  really  promote  particle  physics  with 
these  hadron  colliders. 

Apart  from  colliding  hadrons,  there  is  another  point  here  that, 
for  technical  reasons  which  are  not  so  much  technical  but  are  in 
the  nature  of  the  particles,  the  protons  are  heavv  and  that  is  a 
reason  why  we  can  accelerate  them  to  much  Wgfier  energy  with 
present-day  techniques  than  we  do  with  electrons. 

We  are  working  on  electron  colliders,  but  to  reach  the  energies 
which  are  available  to  hadron  colliders,  which  seem  to  be  available 
with  our  technologies,  they  will  not  be  available  probably  for  some 
time  for  electrons.  So  a  hadron  collider  is  a  very  natural  and  logi- 
cal step  to  go  really  to  very  high  energies. 

I  would  like  to  comment  also  a  little  bit  to  the  question  of  the 
technology.  The  history  of  particle  physics  has  seen  technological 
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development  which  brought  the  cost  of  the  accelerators,  compared 
with  what  they  do,  down  considerably.  The  latest  and  biggest  step 
in  this  game  was  the  development  of  the  superconducting  magnets 
to  build  big  accelerators. 

This  superconducting  technology  now  seems  to  be  interesting  to 
industry.  We  have  managed  with  our  new  project,  with  the  HERA 
project,  to  get  industry  in  Europe  and  industry  in  Germany  very 
interested  iv  this  technology,  and  I  think  industry  realizes  that  ap- 
plication of  superconductivity  on  a  large  scale  is  a  potential  tech- 
nology for  later  years,  even  if  they  don't  know  at  this  moment 
where  it  will  be  applicable  outside  of  high  energy  physics.  Is  there 
really  an  application?  I  am  quite  sure  that  such  tremendous  phe- 
nomena must  have  a  real  practical  application. 

These  big  machines  are  the  first  testing  grounds  to  apply  this  in- 
teresting technology  on  a  real  large  industrial  scale  and  make  high 
demanding  technological  approaches  in  industry.  I  think  it  is  a 
very  important  element,  and  we  have  experienced  this  already  now 
in  European  industries,  that  it  is  accepted. 

Mr.  Fuqua.  Well,  another  question  that  comes  up  that  I  think 
this  group  could  be  very  helpful  with  is  whether  there  has  been  an 
overinvestment  in  high  energy  physics  relative  to  the  subfields  of 
physics  or  maybe  other  disciplines.  Would  somebody  care  to  com- 
ment about  that? 

Professor  Soergel.  I  think  one  could  talk  about  overinvestment 
only  if  ei'^er  the  facilities  which  we  make  would  not  produce  good 
scientific  results  or  would  not  be  utilized  to  a  reasonably  good 
extent. 

If  I  look  around  in  the  world  at  what  are  the  real  big  facilities, 
they  are  only  very  few,  and  as  far  as  I  can  see,  all  of  them  have 
given  good  results  and  have  been  used  very  well. 

In  the  United  States,  you  have  a  number  of  excellent  examples. 
We  have  the  Brookhaven  Lab  accelerators  of  old  age,  yes,  which 
are  still  producing  very  interesting  physics  and  have  produced  a 
great  number  of  big  discoveries. 

You  have  the  Fermilab  machine  in  the  United  States  which  has 
made  very  important  discoveries  and  is  now  getting  a  very  new  life 
as  a  new  single  source  of  superconducting  magnets.  I  could  name 
also  the  lab  at  Stanford  where  I  think  ail  the  investments  have 
paid  off  scientifically,  exceedingly  well,  or  at  Cornell. 

So  in  this  country,  I  don't  see  that  you  have  really  overinvested. 
I  don't  think  we  have  overinvested  in  Europe  with  our  machines. 
We  have,  by  the  way,  in  Europe  a  philosophy— Dr.  Brianti  pointed 
out  to  me  it  was  the  same  in  DESY— that  we  try  to  make  all  of  our 
previous  investments  fully  usable  for  the  next  machines. 

In  the  HttRA  accelerator  for  instance,  we  use  all  the  existing  ac- 
celerators on  site,  which  if  an  important  big  investment,  which  are 
phased  out  as  primary  ref  earch  tools,  and  they  are  essential  pieces 
of  the  injectors  of  the  new  machines.  So  does  CERN,  so  does  SLAC, 
of  course. 

I  don't  think  there  is  an  overinvestment. 
Mr.  Fuqua.  Dr.  Brianti. 

Dr.  Brianti.  More  or  less  on  the  same  tone,  I  showed  to  you  the 
graph  of  the  total  spending  on  the  high  energy  physics  in  Europe. 
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This  is  CERN  plus  national  expenditures,  which  in  fact  went  down 
and  leveled  off. 

This  was  done  by  giving  full  priority  to  forefront  facilities,  and  it 
was  done  by  sacrificing  national  facilities  or  facilities  which  ceased 
to  be  on  the  forefront,  although  still  very  productive,  and  could  not 
be  compared  in  priority  to  future  ones. 

The  example  is  that  when  the  CERN  Council  agreed  to  the  con- 
struction of  LEP,  this  was  under  the  clear  condition  that  the 
budget  of  CERN  should  have  remained  constant  during  those 
years,  and  to  achieve  that,  we  had  to  close  down  a  unique  facility 
such  as  the  proton-proton  collider,  ISR,  which  worked  for  10  years 
and  then  it  was  to  be  closed  down.  It  was  very  productive  still  sci- 
entifically. We  had  to  close  down  various  parts  of  equipment  in  ex- 
perimental areas  and  so  on  and  devote  the  resources  which  were 
available  to  this  big  construction. 

This  is  true,  as  already  the  previous  discussant  has  said,  concern- 
ing U.S.  labs.  So  the  field  has  been  characterized  by  facilities 
always  progressing  but  not  adding  up  to  all  the  ones  *7hich  were 
kept  to  simply  continue  routine  work.  There  was  a  clear  priority 
decision  taken  by  the  community  and  by  the  laboratory  in  this  di- 
rection. 

Thank  yea,  Mr.  Chairman. 

Professor  Soergel.  Can  1  still  make  another  comment? 
Mr.  Fuqua.  Yes. 

Professor  Soergel.  You  very  well  know  that  high  energy  physics 
in  this  past  decade  haa  had  an  enormous,  tremendously  good  time 
with  very  exciting  discoveries.  I  think  all  that  we  do  with  invest- 
ments should  keep  this  pace,  so  that  the  thing  remains  interesting 
and  remains  interesting  also  for  the  young  generation  of  people  to 
keep  them  scientifically  motivated. 

If  you  will  allow  me  2  minutes,  I  will  tell  you  a  story  which  I 
think  is  interesting  in  this  context.  There  was  a  big  discussion  in 
Europe  as  to  whether  the  SPS  should  be  built,  which  was  a  ma- 
chine of  similar  size  as  the  Fermilab  machine,  and  we  had  prob- 
lems in  my  country  to  convince  the  Government. 

We  had  a  high  industrial  chief  of  one  of  the  big  chemical  firms. 
We  invited  him  to  CERN  and  showed  him  around,  and  when  he 
had  seen  the  scientists  and  seen  the  machine  which  gives  the 
young  people  the  chance  to  do  experimental  vork,  to  do  exciting 
work,  to  train  them  to  do  this  exciting  work,  he  said,  "Send  some 
money.  It  is  very  well  spent.  Let's  do  it."  This  visit  switched  the 
German  Government  to  do  this. 

Mr.  Fuqua.  Dr.  Sandweiss. 

Professor  Sandweiss.  Thank  you.  Maybe  I  could  hist  say  before 
making  my  remarks  that  I  very  much  appreciate  the  opportunity 
to  take  part  in  this  discussion  to  you  and  to  your  colleagues. 

What  I  wanted  to  say  about  this  question  was  really  very  similar 
to  what  Professor  Soergel  and  Dr.  Brianti  have  said.  When  you  try 
to  compare  sciences  in  different  fields,  how  do  you  make  the  rele- 
vant measure  of  investment?  That  really  is  the  question  you  are 
asking. 

That  can  only  be  done,  in  a  sense,  by  looking  at  each  individual 
science  itself  and  asking  what  is  needed  in  that  science  in  order  for 
it  to  prosper,  to  be  healthy,  to  make  the  progress  which  is  possible 
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to  make  in  the  science.  I  believe,  if  you  look  at  it  that  way,  high 
ei.ergy  physics  in  fact  has  very  definitely  not  been  overinvesting. 
In  fact,  because  it  is  expensive,  I  think  we  feel  a  need  to  be  very 
responsible  and  I  would  even  say  tough,  perhaps  austere,  even,  in 
our  facilities. 


thai.  The  number  of  facilities  that  have  been  terminated,  not  be- 
cause they  haven't  been  doing  good  work  but  because  they  haven't 
been  doing  perhaps  the  very  most  cost  effective  work,  is  very  large, 
and  I  believe  that  the  SSC,  for  example,  although  it  is  very  large,  is 
a  machine  wh^h,  by  the  measure  of  what  is  required  in  order  to 
keep  a  viable  pace  in  the  field,  is  one  that  is  even  austerely  re- 
quired, although  I  know  the  absolute  number  is  very  large. 
Thank  you. 
Mr.  Fuqua.  Yes. 

1  "  Leiss.  I  would  like  to  put  a  comment  in  on  these.  I  think  we 
can,  id  we  do,  yearly,  as  best  we  know  how,  show  you  some  of  the 
spino.  .3  and  benefits  m  addition  to  the  science  that  comes  from  the 
programs  in  high  energy  physics,  although  I  think  you  can  get  in 
trouble  with  that  because  then  you  get  one  science  saying,  "Are  my 
spinoffs  better  than  your  spinoffs? '  and  you  don't  know  how  to 
measure  that. 

It  seems  to  me,  though— I  refer  to  the  declarations  tnat  came 
from  the  heads  of  state  in  the  Summit  process  on  the  importance  of 
science  and  technology  development  in  their  countries  and  the  rec- 
ognition that  our  economic  well-being  and,  indeed,  our  economic 
competitive  posture  in  the  world,  speaking  provincially  as  the 
United  States,  rests  upon  science  and  technology. 

I  think  the  real  dilemma  that  we  have  or  you  liave  to  face, 
really,  is  not  so  much  one  big  facility  and  one  field;  it  is  the  fact 
that  many  fields,  in  order  to  make  progress,  have  large  facilities 
they  would  like  to  have. 

It  is  a  little  bit  paradoxical  that  if  you  look  at  those  facilities, 
every  one  of  them  you  can  think  of  is  coming  as  a  result  of  high 
energy  physics  developments  for  them,  which  at  least  shows  some 
measure  of  what  we  do. 

It  seems  to  me  the  issue  that  really  eventually  has  to  be  faced  is, 
have  we  reached  the  point  where  w*  cannot  afford  the  tools  that 
are  required  to  further  our  understanding  of  the  laws  and  composi- 
tion of  nature?  Frankly,  I  shudder  at  the  thought  of  the  impact  of 
that  on  cur  bright  young  people,  if  we  decide  we  have  reached  that 
point. 

Mr.  Fuqua.  Mr.  Brown. 

Mr.  Brown.  Mr.  Chairman,  I  would  say  first  that  I  regard  this  as 
an  absolutely  unique  occasion.  I  don't  recall  at  any  time  during  my 
experience  on  the  committee  that  we  have  had  such  a  large  and 
capable  group  of  scientists  representing  a  single  field  of  science 
appear  before  us.  I  am  sure  this  occasion  will  remain  long  in  my 
memory. 

The  reason  ror,  of  course,  inviting  you  is  not  entirely  because  of 
our  deep  concern  for  high  energy  physics,  important  as  it  is,  but 
because  you  represent  a  series  of  policy  questions  which  extend 
across  the  whole  field  of  science  in  terms  of  the  relationship  of 
Government  and  Government  funding  to  branches  of  science  where 


facilities  very  much  shows 
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there  are  important  policy  issues  and  important  opportunities,  and 
where  we  have  to  resolve  questions  of  allocating  resources  in  some 
reasonable  fashion. 

I  want  to  thank  both  the  panel  and  the  chairman  for  making  ar- 
rangements to  make  this  meeting  possible. 

Of  course,  looking  back  at  the  history  of  the  last  couple  of  gen- 
erations from  the  time  of  the  Bush  Report  with  regard  to  the  im- 
portance of  supporting  basic  research  up  to  the  present  time,  we 
have  continuously  throughout  that  time  grappled  with  the  prob- 
lems we  are  raising  today:  What  portion  of  our  resources  should  be 
devoted  to  promising  fields;  how  should  it  be  distributed  amongst 
various  fields  of  science;  what  is  the  relationship  between  the  fund- 
ing of  the  large  science  expensive  projects  and  maintaining  a  base 
of  small  science  and  science  education  and  so  on? 

You  all,  in  your  testimony  and  your  experience,  throw  a  great 
deal  of  light  on  these  kinds  of  policy  issues.  We  look  at  this  ques- 
tion of  are  we  putting  too  much  into  particle  physics  or  high 
energy  physics,  and  then  we  look  at  other  fields  of  science— and  I 
am  reminded  of  molecular  biology,  for  example,  which  we  have 
been  funding  through  the  NIH  now  for  20  or  30  years— and  the 
level  of  funding  for  basic  research  in  the  biological  sciences  has 
probably  been  comparable  to  today's  level,  around  $3  or  $4  billion 
now  for  a  generation,  and  we  can  see  the  results  of  that  rather  con- 
sistent level  of  funding  in  terms  of  the  marvelous  things  that  are 
happenmg  in  molecular  biology  and  biotechnology. 

The  reasons  for  continued  support  of  that,  of  course,  we  frequent- 
ly point  out,  have  to  do  with  the  hopes  of  elderly  Congressmen  that 
this  will  help  save  our  lives.  [Laughter.] 

We  don't  necessarily  have  that  same  connection  with  high 
energy  physics.  But  it  illustrates  the  importance  of  recognizing  the 
need  to  have  a  link  with  the  political  process  in  some  fashion,  and 
you  gentlemen  have  all  pointed  out  some  of  those  links— the  spin- 
offs in  cryogenics  and  vacuum  technology  and  various  other  fields 
that  are  important  to  the  society. 

Of  course,  the  fundamental  reason  that  all  of  this  research  took 
place  was  the  recognition  of  the  vital  contribution  of  science  to  the 
war  effort  during  World  War  II.  We  would  like  to  get  away  from 
that,  frankly,  and  recognize  the  importance  of  this  curiosity-driven 
aspect  of  science.  But  that  is  kind  of  hard  to  sell  to  a  large  public 
and,  through  the  public,  to  the  Congress.  But  this  has  been  a  most 
illuminating  experience. 

I  have  a  couple  of  points  that  I  wanted  to  explore  with  you  just 
briefly,  and  I  don't  think  we  need  to  exhaust  any  of  these  things. 
But  in  the  European  community  and  in  the  Japanese  situation,  do 
you  have  a  linkage  between  the  scientific  and  the  governmental 
communities  that  gives  you  assurance  of  a  certain  level  of  resource 
support,  either  in  terms  of  a  fixed  number  of  dollars  or  a  fixed  por- 
tion of  the  Government  budget  or  a  fixed  portion  of  the  GNP  or 
some  other  target  that  you  are  trying  to  achieve  and  have  some 
commitment  to?  And  is  it  desirable  if  you  do  have  that,  or  if  you 
don't  have  it?  J 

Dr.  Brianti.  I  don't  know  if  I  will  be  able  to  answer  completely 
your  question,  but  I  wish  to  comment  on  the  CERN  situation. 
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As  I  said,  CERN  is  an  international  organization  in  which  the 
member  states  pay  in  proportion  to  their  gross  national  product. 
This  is  reviewed  on  a  3-year  basis. 

Now,  you  may  assume  that  because  there  are  certain  countries, 
it  is  an  extremely  complicated  process  how  to  arrive  at  a  decision, 
and  indeed,  I  am  not  saying  that  it  is  an  easy  process.  It  is  compli- 
cated. But  the  fact  that  then  it  is  an  international  c  mmitment  so 
far  has  helped  us  in  being  stable. 

In  other  words,  when  there  are  major  decisions  which  have  been 
taken  as  to  building  new  facilities,  for  instance  the  SPS— and  this 
took  almost  7  or  8  years  to  be  decided  upon— that  took  5  or  6  years 
to  be  decided.  But  once  it  is  decided,  the  member  states  feel  com- 
mitted. 

For  instance,  in  the  case  of  the  LEP  construction  which  spans 
over  8  years— and  8  years  is  a  long  time— this  was  based  on  two 
foundations.  The  first  was,  OK,  the  budget  is  what  it  is,  and  don't 
ask  for  more;  try  to  use  the  Swiss  francs  or  the  dollar  the  best  you 
can.  The  second  is  a  gentlemen's  agreement,  of  course  not  a  legal 
one,  but  a  gentlemen's  agreement  among  the  representative  of  the 
member  states  that  the  level  would  be  kept  absolutely  constant 
during  those  8  years. 

And  so  the  national  science  budget  may  go  up  and  down  and 
there  may  be  a  local  problem  here  and  there,  but  the  fact  that  it  is 
an  international  commitment  has  rather  helped  the  stability. 

So  on  the  disadvantages  side,  it  may  be  that  in  order  to  reach 
consensus,  you  have  to  settle  on  a  level  which  may  be  lower  than 
the  most  wealthy  country  could  support.  But  on  the  whole,  we  are 
pleased. 

This  continuity  has  occurred  over  30  years.  We  figured  out  that 
in  any  given  point  in  time,  there  is  always  one  of  the  European 
governments  that  is  either  not  there  or  elections  are  due  to  come, 
but  the  fact  of  the  collegial  responsibility  has  helped  the  stability. 

That  is  the  comment  I  wish  to  make. 

Mr.  Brown.  You  would  stress  the  importance,  then,  of  having  a 
reasonably  long-term  commitment  to  this? 

Dr.  Brianti.  Oh,  yes,  this  is  essential,  because,  you  see,  this  con- 
struction has  a  long-term  basis. 

Mr.  Brown.  That  differs  from  our  practice  here,  which  in  most 
cases  is  annual  decisions,  but  in  fact  we  have  established  that  same 
kind  oi  commitment  through  inertia,  perhaps,  if  nothing  else. 

Professor  Soergel.  Maybe  I  should  comment  on  the  situation  in 
Germany.  It  is  not  just  Europe,  but  since  Germany  operates  the 
other  high  energy  physics  laboratory  as  a  national  lab  in  Europe,  it 
may  be  relevant  to  your  question. 

We  have  for  DESY  a  reasonably  stable  budget  on  which  we  can 
count  over  the  years  which  goes  roughly  with  inflation.  The  budget 
for  DESY,  as  I  have  outlined,  is  given  90  percent  by  the  Federal 
Government  and  10  percent  by  the  state  government  of  Hamburg. 

These  two  bodies  have  kind  of  a  board  of  trustees  which  defines 
every  budget,  so  it  is  officially  given  every  year  by  vote  in  the  two 
parliaments,  in  the  Federal  budget  and  in  the  state  budget  of  Ham- 
burg. But  it  is  very  stable  over  the  years. 

Now,  when  a  new  facility  comes  like  the  big  HERA  facility, 
which  is  a  very  large  facility— it  is  ^ne  of  the  largest  in  the  world 
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at  this  moment— we  get  an  excursion  from  this  budget  which  now 
takes  for  a  few  years  over  the  construction,  and  then  the  bucket  is 
expected  to  go  down  to  the  level  we  have  now  before  the  HERA 
construction  again,  and  we  can  count  on  that  for  its  operation. 

This  ability,  I  think,  is  very  important  for  the  lab. 

Mr.  Brown.  Could  you  comment,  Dr.  Ozaki? 

Dr.  Ozaki.  Since  I  am  not  really  a  director  of  the  laboratory  and 
I  am  directing  a  project,  I  don't  know  how  well  I  can  comment  cn 
this  particular  issue.  I  am  a  scientist  looking  from  the  outside  into 
the  makings  of  government  and  the  political  system. 

There  has  been  a  strong  will,  however,  in  Japan,  to  commit  to 
the  development  of  basic  science  in  Japan  lately,  actually,  and  as 
you  can  see,  the  Government  of  Japan  has  approved  and  is  sup- 
porting TRISTAN  with  a  very  large  amount  of  money.  Indeed,  that 
is  really  true,  but  I  see  the  evidence  of  their  wi7'  to  continue  sup- 
port. 

However,  the  level  of  support  which  the  pure  sciences  are  getting 
in  Japan  is  such  that  the  TRISTAN  project  is  draining  the  system 
quite  a  bit.  Though  it  is  increasing,  looking  at  the  current  budget- 
ary situation  in  Japan,  I  don't  see  a  marked  increase  coming  for 
several  years. 

Now,  in  looking  at  a  project  itself,  for  instance,  the  discipline 
itself,  we  do  not  have  a  specific  commitment  to  a  certain  percent- 
age of  the  total  science  budget  allocated  to  some  area,  so  it  depends 
upon  project  by  project.  When  a  good  project  comes  and  is  ap- 
proved, then  we  are  certain  to  receive  that  commitment  over  cer- 
tain many  years.  Then  we  will  most  likely  lose  the  support  after 
the  project  is  finished,  with  that  money  going  into  some  other 
project  like  space  or  whatnot. 

So  I  really  don't  know  whether  I  have  answered  your  question  or 
not,  but  as  the  manager  of  the  program,  I  believe  it  is  very,  very 
important  to  have  a  definite  commitment  extending  over  the  years. 

The  Government  of  Japan  also  runs  the  same  way  as  here.  It  is  a 
year-by-year  business.  But  for  a  long-term  project  like  TRISTAN,  I 
find  that  it  is  very  important  to  have  the  specific  commitment  over 
the  long  term  as  to  what  the  schedule  is,  the  funding  schedule  is, 
and  what  are  the  total  moneys.  So  far,  I  am  not  getting  quite  that 
kind  of  support. 

Mr.  Brown.  Let  me  ask  another  general  question  for  anyone  to 
comment  on. 

You  have  referred  to  this  field  as  being  one  that  is  curiosity 
driven,  and  I  wonder  if  there  is  any  way  in  which  we  can  evaluate 
the  amount  of  curiosity.  Are  we  in  a  situation  where  we  ought  to 
be  concerned  about  the  number  of  people  coming  into  the  high 
energy  physics  field?  Are  there  fluctuations,  as  there  are  in  many 
other  technical  fields,  which  deserve  to  be  considered  in  policy  con- 
siderations over  reasonable  periods  of  time,  say,  10  years?  Do  we 
suffer  ups  end  downs  of  topflight,  curiosity-driven  scientists  which 
impinge  upon  our  capability  to  produce  results  in  some  of  these  ac- 
tivities? 

Dr.  Samios.  Maybe  I  could  comment  in  a  different  v/ay.  A  field  is 
driven,  and  bright  people  come  in,  by  the  excitement  in  the  field, 
and  the  position  we  find  ourselves  in  now  is  that— and  there  is  usu- 
ally a  tradeoff  of  hopping  back  and  forth  between  theoretical  and 
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experimental  aspects— sometimes  one  part  gets  ahead  and  then  the 
other. 

In  a  sense,  if  you  find  no  experimental  results,  a  field  will  dry 
up.  Radioastronomy  became  a  prominent  field  when  people  built 
things  to  look.  Before  that,  you  could  speculate  to  your  heart's  con- 
tent and  not  get  anjrwhere. 

High  energy  physics  finds  itself  presently  in  a  position  where  one 
has  to  look  at  the  next  mass  scale.  Theorists  can  speculate  to  their 
hearts'  content,  and  the  limits  of  their  speculation  are  unlimited  at 
the  present  time,  and  so  which  way  you  go,  you  cannot  tell  until 
you  look. 

And  so,  although  one  would  prefer  that  one  could  know  which 
way  to  go  on  a  cheaper  basis,  we  believe  that  we  are  at  a  roadblock 
until  one  builds  some  facility  to  look,  and  then  one  will  have  the 
further  interplay. 

So,  as  a  result,  you  will  find  that  over  the  last  years  we  have 
had — I  mean,  one  of  the  measures  is  bright  theorists,  for  instance, 
and  I  believe  that  in  the  United  States  and  Western  Europe  we  are 
getting  some  of  the  very  bright  people  still  coming  in  the  field.  In 
the  same  sense,  at  Brookhaven,  where  we  are  a  multidisciplinary 
lab,  we  get  very  bright  people  in  microbiology.  It  is  absolutely  true. 

But  I  believe  what  will  happen,  unless  one  gets  these  new  experi- 
mental tools,  that  if  one  does  not  know  which  way  to  go,  then  you 
will  see  that  reduction  as  a  function  of  time. 

Mr.  Brown.  Dr.  Soergel. 

Professor  Soergel.  Particle  physics  has  developed  from  originally 
atomic  physics,  nuclear  physics,  in  the  search  for  even  more  funda- 
mental constituents  of  matter.  Happily,  the  bright  young  people 
went  to  the  front  line  of  research.  Those  which,  100  years  ago  or  80 
years  ago,  would  have  gone  to  the  atomic  physics,  and  nuclear 
physics  later,  now  come  to  particle  physics. 

We  nave  to  keep  this  curiosity-driven  field  interesting  for  the 
young  generation.  I  personally  believe  that  this  is  one  of  the  most 
important  spinoffs,  if  one  talks  of  chat,  that  young  people  from  the 
universities  can,  as  they  have  done  in  the  past,  do  in  a  front-line 
research  field  like  particle  physics  their  studies,  their  Ph.D.  work, 
before  they  become  what  I  sometimes  call,  not  completely  serious- 
ly, useful  members  of  society 

It  is  a  very  good  forming  of  young  people  to  work  in  high  energy 
physics,  so  l  believe  you  have  a  very  important  goal  here  for  the 
society. 

Before  you  addressed  the  question  about  the  size  of  the  accelera- 
tors. Unfortunately,  there  we  have  some  things  imposed  on  uc  r-y 
nature.  We  cannot  make  a  smaller  accelerator  if  it  serves  cr>s 
people.  The  size  of  the  machine  is  given  by  the  physics.  So  we  he . 
to  have  a  big  machine  to  start  off,  and  the  only  way  we  can  do  less 
or  more  is  by  its  exploitation. 

There  high  energy  physic*  is  different  from  many  other  fields 
like  biology  or  solid  state  ph.,  jics,  where  you  have  small  installa- 


physics  we  have  already  coordinated  in  such  a  way  that  we  ma 
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All  people  who  want  to  do  very  high  energy  proton-antiproton 
hadron  collisions  will  go  to  Fermilab  once  Tevatron  works.  All 
people  who  do  electron-proton  collisions  will  come  tc  Hamburg  to 
do  their  research,  and  so  on.  But  we  need  one  big  facility  to  go  fur- 
ther down  which  is  different  for  other  fields. 

Let  me  make  another  comment  for  the  final  thing.  I  think  it  is 
characteristic  for  the  development  of  high  energy  physics,  because 
we  need  this  big  apparatus,  not  only  the  big  accelerators  but  also 
the  big  detectors.  In  order  to  operate  these  things,  to  build  these 
things,  we  need  large  groups. 

If  one  looks  into  the  funding  per  scientist,  then  suddenly  we  see 
that  the  difference  between  high  energy  physics  and  other  fields  is 
not  so  extraordinary.  That  is  at  least  my  experience  in  my  country. 
I  don't  know  how  it  is  in  America.  But  if  you  take  these  figures, 
then  high  energy  physics  does  not  appear  so  terribly  expensive. 

Also,  these  large  projects  take  a  much  longer  time  scale  than  the 
smaller  projects  did  previously,  and  if  you  take  all  of  this  into  ac- 
count, I  believe  that  then  suddenly  these  figures  become  not  so 
shocking  any  more. 

Mr.  Brown.  If  you  slice  it  into  small  slices,  it  doesn't  hurt  nearly 
as  much,  Doctor? 

Professor  Soergel.  Yes.  But  I  think  it  is  correct  to  dc  it  this  way. 

Mr.  B:;own.  Mr.  Chairman,  we  have  a  bell  ringing.  I  just  wanted 
to  yield  to  you  to  decide  what  to  do  here. 

Mr.  Fuqua.  I  have  one  final  question  which  I  want  to  ask  Dr. 
Richter  and  Dr.  Samios,  because  they  could  be  affected. 

When  we  get  into  big  science,  at  the  expense,  maybe,  of  other  on- 
going science  projects  that  are  going  on  +hat— and  I  really  get  into 
how  soon  do  we  have  to  do  this. 

I  recall  arguments  that  have  been  made,  for  instance,  in  the 
space  program  when  we  had  the  project,  the  Viking,  landing  on 
Mars,  that  Mars  would  be  there  for  a  long  time.  There  was  ^.o  rush 
to  get  there.  Also  on  the  Galileo  Program,  there  was  no  time  cer- 
tain that  we  had  to  try  to  have  a  landing  on  Jupiter  because  it 
would  still  be  there  for  many,  many  years. 

The  particles  will  still  be  out  there.  Do  you  see  that  if  we  move 
into  this  at  a  rapid  rate,  that  this  will  impact  very  valuable  high 
energy  physics  or  particle  physics  programs  that  are  ongoing? 

Dr.  Richter.  Well,  the  impact  on  the  ongoing  program  is,  of 
course,  going  to  depend  on  the  total  level  of  support  for  the  science. 

It  is  interesting  because  this  is  a  question  that  we  were  discuss- 
ing most  of  yesterday  with  a  group  of  us  meeting  with  HEPAP. 
How  much  do  you  support  what  you  might  call  regular  ongoing 
programs  versus  how  much  do  you  put  into  the  investment  in  the 
iature?  We  have  to  do  both.  You  always  need  investments  in  the 
future  if  the  science  is  going  to  progress. 

One  of  the  things  that  makes  life  really  tough  in  big  science  like 
high  energy  physics  is  that  the  development  time  for  a  meyor  new 
facility  is  so  long.  It  has  gotten  to  be  a  lower  bound  of  10  years 
from  a  gleam  in  the  eye  to  a  machine  working  and  experiments 
going. 

Dr.  Lederman.  A  beam  in  the  eye? 

Dr.  Richter,  A  gleam  in  the  eye.  [Laughter.] 
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And  so  we  are  thinking  now  about  what  kinds  of  facilities  one 
needs  in  the  middle  nineties,  in  spite  of  the  fact  that  Leon  and  I,  in 
the  next  2  years,  are  going  to  be  turning  on  the  U.S.  frontier  ma- 
chines. We  know  we  are  going  to  have  to  make  a  step  in  the  mid- 
nineties  to  keep  the  science  going  and  to  keep  on  answering  the 
questions  that  are  turned  up  by  the  work  that  is  going  on  now  and 
in  the  next  5  years. 

I  think  it  is  very  bad  if  one  slows  down  the  pace  of  science  too 
much.  If  you  slow  it  down  too  much  so  that  the  students  cannot 
hope  to  feel  that  they  are  going  to  be  ones  that  make  the  great  dis- 
coveries when  they  grow  up  and  get  their  Ph.D.'s  and  go  out  and 
run  an  experimental  group,  then  the  good  students  are  not  going  to 
go  into  a  discipline,  and  they  are  going  to  go  someplace  else. 

It  is  not  just  curiosity-driven,  but  there  is  a  sort  of  feeling,  I 
think,  in  all  good  scientists  that  it  is  not  purely  curiosity  for  man- 
kind, but  it  is  curiosity  for  themselves.  They  want  to  know. 

You  have  to  keep  the  field  moving  fast  enough  so  that  the  stu- 
dents can  feel  that  they  will  make  a  discovery.  Theji  you  will  keep 
getting  the  good  ones  in.  If  you  slow  it  down  too"  much,  they  are 
going     "*o  someplace  else. 

Mr.       ja.  Nick,  kind  of  briefly,  because  we  do  have  a  vote. 

Dr.  Sa-  :ios.  I  will  be  brief. 

I  agree  with  what  Burt  said.  I  think  one  has  to  have  a  continu- 
ous process  in  getting  to  the  new  thing,  because  if  you  don't  do 
that,  you  may  not  have  people  around  to  work  on  the  new  thing. 

My  comment  on  the  SSC  is  that  there  is  a  natural  time  scale, 
and  1  think  the  time  scale  is  now.  The  technology  is  in  hand.  We 
made  a  decision  a  few  years  ago  at  some  pain  to  the  field  to  really 
leapfrog  and  go  to  it.  1  think  the  science  is  there.  If  you  push  me 
and  say,  "Could  you  delay  by  a  year?"  the  answer  is  obviously  yes. 
If  you  push  me  and  say,  "Should  we  delay  by  5  years?"  then  I 
think  the  whole  project  may  not  make  sense  because  other  things 
will  come  about  or  new  ideas,  or  the  commitment  of  the  people  for 
10  to  12  years  is  a  rather  large  commitment. 

So  my  answer  would  be,  Let's  get  on  with  it.  It  is  timely;  the 
technology  is  here. 

The  last  comment  I  would  make,  since  the  bottom  line  is  always 
budgets,  I  would  say  the  high  energy  budget,  if  you  look  at  it  over 
the  last  15  years,  has  not  gone  up.  In  fact,  we  went  down  rather 
drastically  at  one  point. 

I  would  say  other  fields  have  had  increased  appetites  proper  for 
the  fields,  and  they  are  getting  to  our  level,  so  there  is  a  strong 
competition  for  funds  in  all  of  the  sciences.  If  anything,  I  think  our 
budget  situation  is  worse  off  now  than  it  was  15  years  ago. 

Mr.  Fuqua.  Gentlemen,  on  this  we  must  conclude  because  we  do 
have  a  vote  now. 

I  want  to  thank  you  all  very  much.  It  has  been  a  very  enlighten- 
ing meeting  this  morning.  Like  Congressman  Brown,  I  think  we 
have  assembled  one  of  the  great  panels  in  the  whole  world,  and  we 
thank  you  all  for  your  contributions  and  for  being  here  today. 

Thank  you  very  much.  The  task  force  will  recess  until  further 
notice. 

[Whereupon,  at  11:15  a.m.,  the  task  force  re  ;ssed,  to  reconvene 
on  May  2, 1985,  at  10  a.m.] 
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Witnesses1  Questions  and  Answers  for  the  Record 

Answer  to  the  Questions  for  tne  Record  of  the  Hearing,  before  the 
Science  Policy  Task  Force,  April  25,  1985 
Satoshi  Ozaki,  KEK 


1  .    What  is  the  future  prospect  for  the  international  cost-sharing  of 
the  next  generation  of  high  energy  physics  facilities,  both  in  terms 
of  construction  and  operation?^ 

ns  it  was  clear  from  the  presentation  by  representatives  from  the 
U.S.  and  Europe,  and  of  myself,  the  field  of  nigh  energy  physics  has 
been  quite  international  with  many  examples  of  cost-sharing  experiments 
at  world's  major  accelerator  facilities  and  one  example  of  major 
international  laboratory,  i.e.,  CERN.    However,  the  hi£h  energy  physics 
facilities    T  next  generation  are  necessarily  large  and  even  the  shared 
cost  will  pjount  to  a  major  portion  of,  and  in  some  cases  in  excess  of 
the  current  funding  for  this  field  in  each  nation.    It,  therv.  ore,  will 
be  imperative  for  a  successful  implementation  of  such  a  cost-sharing  in 
question  to  give  a  proper  consideration  to  the  financial  situation  of 
the  government  and  the  benefit  to  the  society  of  the  countries  involved. 
Heedless  to  say,  the  initiative  for  such  international  cooperation  must 
come  first  from  the  scientific  community.    As  to  the  Japanese  situation, 
we  are  putting  an  intensive  effort  to  complete  TRISTAN  project  in  the 
fall  of  1986  and  have  not  yet  arrived  at  a-  conclusion  as  to  the  future 
program  in  the  high  energy  physics  in  Japan. 


2.    What  are  (a)  the  advantages  and  (b)  the  disadvantages  of  sharing  the 
cost  of  big  science  facilities  on  an  international  basis? 

a)  Advantages  of  cost-sharing: 

The  cost-sharing  could  reduce  the  financial  burden  of  the  nations 
involved  in  the  big  science  and  make  it  possible  for  scientists  of  the 
world  to  have  access  to  a  big  facility  which  is  essential  for  their 
scientific  persuit,  if  thoso  nations  could  reach  agreement  on  a  single 
configuration  of  facilities  to  be  built  by  a  common  effort. 

Another  advantage  would  be  found  in  maintaining  the  current  spirit 
of  internationalism  in  the  field,  which  no  d< uht  will  be  Kenef4cial  in 
strengthening  the  tie  between  nations. 

b )  Disadvantages: 

Since  multiple  nations  will  be  involved  in  a  project,  and  since  the 
funding  required  from  each  nation  will  most  likely  be  sizable  as  was 
stated  in  the  answer  to  the  question  1,  the  initiation  and  execution  of 
the  program  will  require  a  multi-national  agreement  in  the  high  level  of 
the  governments  as  well  as  a  consensus  of  the  scientific  community  of 
each  n^cion  involved.    This  no  doubt  will  add  another  dimension  of 
complexity  on  the  project,  possibly  resulting  in  a  delay  of 
implementation. 

A  worldwide  cooperation  on  one  accelerator  facility  may  present 
anothfr  disadvantage  from  a  lack  of  competition  between  laboratories  on 
which  this  field  has  thrived  to  date. 
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3.    How  many  high  energy  physicists  are  performing  research  in  Japan  and 
how  much  funding  is  provided  for  high  energy  physics  research? 

Japan  have  about  **50  high  energy  experimentalists  including 
supporting  engineering  and  technical  personnel,  accelerator  specialists 
(110)  and  graduate  students  (120).   Of  these,  about  100  physicists  and 
accelerator  specialists  are  involved  in  international  collaborations  at 
a  varying  degree  of  commitment  for  each  individual. 

The  funding  for  high  energy  physics  for  current  fiscal  year  is 
about  32  billion  yen,  of  that  1.7  billion  yen  is  ear-marked  for 
international  cooperations.    A  major  fraction  of  the  total  funding  is 
for  TRISTAN  construction. 


What  would  be  th°  best  worldwide  configuration  of  high  energy 
physics  facilities  from  the  point  of  view  of  science?    How  might 
this  best  be  determined? 

Current  objective  in  the  energy  frontier  of  this  field  is  the  study 
of  phenomena  in  the  mas3  range  of  100  GeV  using  proton-ant iproton 
colliding  beam  facilities  (SppS  at  CERN,  TEV-I  at  FNAL)  and  electron- 
positron  colliding  beam  facilities  (PEP  at  SLAC,  PETRA  at  D£SY,  TRISTAN 
at  KEK,  SLC  at  SLAC,  LEP  at  CERN).    Some  of  the  theoretical 
considerations  and  experimental  indications  suggest  that  the  mass  scale 
for  the  next  generation  is  of  the  order  of  1  TeV.    Thus,  the  facility 
configuration  best  suited  for  studies  in  the  next  generation  energy 
frontier  will  be  at  least  one  each  of  proton-proton  or  proton-antiproton 
colliding  beam  facility  in  20-40  TeV  range,  and  electron-positron 
collider  in  the  vicinity  of  1  TeV  in  total  energy.    An  addition  of 
electron-proton  collider  at  very  high  energy  would  give  us  an  insight  of 
the  stricture,  if  any,  of  fundamental  constituents. 

In  another  frontier,  namely  that  of  high  luminosity  (or  high 
intensity),  10-100  GeV  class  electron-positron  collider  with  a  very  high 
luminosity  would  be  of  great  benefit  for  a  detailed  study  of  phenomena 
in  the  corresponding  energy  region. 

Although  one  might  say  that  these  facilities  be  concentrated  in  one 
geographical  location  for  an  added  versatility,  the  reality  of  the  facts 
is  that,  at  least  one  of  these  facilities  would  have  to  be  located  in 
each  geographical  region  of  the  world  so  as  to  maintain  a  high  level  of 
participation  in  the  high  energy  physics  by  the  world!s  scientific 
communities.    After  all,  there  is  no  international  program  without 
national  program.    This  concern  would  also  apply  to  a  need  of  local 
accelerator  facility  to  maintain  an  excellence  of  young  people, 
students. 


5.    Should  some  or  all  future  "big  science"  facilities  be  developed  on 
the  basis  of  international  cooperation? 

At  present,  we  can  only  speak  for  the  field  of  high  energy  physics 
in  which,  as  was  stated  by  the  testimony  of  all  those  present  at  the 
hearing,  there  have  been  successful  international  cooperations  as  a 
matter  of  fact.    A  construction  of  a  facility,  may  it  be  a  major 
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detector  or  accelerator,  on  the  cost  sharing  bases,  can  be  effective 
only  when  the  nations  involved  can  reach  an  agreement  on  such  sharing  of 
a  facility  for  their  research  purposes,  with  due  consideration  on  the 
interest  of  scientific  community,  technical  and  industrial  capabilities 
of  the  society  and  the  financial  situation  of  each  nation. 


6.    What  is  the  trend  of  international  collaboration  in  high  energy 
physics?    Is  it  increasing,  decreasing  or  remaining  relatively 


I  judge  that  the  collaboration  is  increasing,  at  least  in  the 
experimental  program  and  accelerator  R/D,  anticipating  new  opportunities 
at  the  facilities  which  is  to  becc g  operational  in  near  future. 


7.    What  factors  (a)  facilitate  or  (b)  inhibit  international  cooperation 
in  high  energy  physics? 

Owing  to  the  open  door  policy  of  the  U.S.  high  energy  physics 
community  and  science  authorities  since  early  days  of  activity,  many 
physicists  from  the  world  have  enjoyed  opportunities  to  participate  in 
research  at  the  U.S.  research  facilities.    This,  together  w*th  the  fact 
that  the  research  in  this  field  requires  a  major  accelerator  and 
detector  facilities  has  facilitated  a  growth  of  international 
cooperations  to  date.    Prevailing  open  door  policy  in  the  U.S.  and 
elsewhere,  coupled  with  an  understanding  by  the  scientific  community  and 
the  government  of  each  nation  involved  is  essential  for  an  enhanced 
international  cooperation. 

Such  spirit  in  Japan  facilitated  US/Japan  collaborative  experiments 
at  two  of  four  collision  area  at  TRISTAN.    One  of  these  two 
collaborations  includes  small  but  significant  participation  from  China 
and  Korea. 

As  to  the  inhibiting  factor,  one  can  site  a)  constraints  in  the 
funding,  though  high  energy  physics,  by  and  large,  has  been  treated 
favorably  compared  to  other  field  of  study,  and  b)  uneven  localization 
of  major  research  facilities.    (Note,  for  instance,  that  the  US-Japanese 
Coopration  has  become  reciprocal  in  true  sense  only  with  the  KEK's 
TRISTAN  e+e"  collider  project.) 


8.    Does  the  rest  of  the  worldwide  high  energy  physics  community  agree 
with  the  U.S.  high  energy  physics  community  that  the  Superconducting 
Super  Collider  or  a  similar  facility  is  the  highest  priority? 

In  Japan,  high  energy  physicists  have  not  yet  arrived  at  a 
conclusion  as  to  the  priority  in  future  program  in  high  energy  physios. 
There  are  variety  of  opinions  among  the  commuriity  on  the  future 
direction,  including  SSC  and  an  electron-positron  linear  collider  in  1 
TeV  region. 
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9.  What  does  "world  leadership"  in  high  energy  physics  mean?  What 
particular  benefits  accrue  to  the  "world  leader"  versus  "number 
two"? 

Why  should  national  policy  makers  care  whether  cr  not  the  nation  is 
first t  second  or  third  in  high  energy  physics  research? 

The  high  energy  physics,  which  shows  a  nigh  degree  of  intellectual 
determination  and  technical  excellence  of  the  society,  can  in  turn 
contribute  to  the  strengthening  of  the  country's  technological 
capability  and  competitlvity.    It  would  seem  na*  ural  for  a  national 
policy  maker  to  care  about  the  growth  of  such  a  field  for  its  scientific 
merit,  technological  spin-off,  intellectual  build  up  and,  possibly, 
prestige,  regardless  of  concern  whether  the  nation  is  first,  second  or 
third. 


10.  Are  the  experiences  of  international  coopeia,  ion  in  high  energy 
physics  directly  applicable  to  other  fields  of  science?  What 
lessons  may  be  learned? 

Objective  of  the  high  energy  physics  is  to  understand  the  ultimate 
picture  of  the  structure  of  matter  and  forces  and  is  to  satisfy  an 
intrinsic  and  universal  desire  to  know  our  environment.    The  field  is, 
so  to  speak,  the  purest  of  pure  science.    In  addition,  the  object  of 
study  and  the  method  usrd  are  quite  universal  and  the  experimental  study 
depends  highly  on  large  scale  accelerator  facility.    These  factors  must 
have  promoted  a  successful  international  cooperation  to  date. 

The  experiences  obtained  for  high  energy  physics  may  be  applicable 
to  ottor  field  of  science,  if  the  characteristics  stated  above  is 
clearly  apparent  with  the  field. 
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Answers  to  questions  for  the  record 
by  V.  Soergel 


What  is  the  future  prospect  for  the  international  cost-sharing  of 
the  next  generation  of  high  energy  physics  facilities,  both  in 
terms  of  construction  and  operation? 

To  answer  this  question,  one  should  distinguish  accelerator  facili- 
ties and  detector  facilities. 

For  accelerator  facilities,  international  cot  sharing  has  been 
practiced  in  the  past  at  CERN,  where  every  member  country  contri- 
butes to  the  budget  in  proportion  to  its  economical  power* 
CERN  finances  from  its  budget  the  construction  and  the  operation 
of  its  accelerator  facilities.  I  think  the  prospect?  are  good 
that  CERN,  the  model  for  "true"  international  cost  sharing, 
will  continue  to  operate  in  this  way  also  in  the  future. 

/nother  model  of  international  cost  sharing  in  the  construction  of 
an  accelerator  facility  is  practiced  at  present  at  DESY,  where  we 
build  HERA  with  international  --©operation.  Here  the  various  part- 
ners contribute  components  manufactured  in  their  domestic  industries. 
It  is  foreseen  that  the  operation  of  this  facility  is  financed 
by  the  host  laboratory,  i.e.  DESY  from  its  budget  which  comes  from 
the  German  Federal  Government  and  the  Hamburg  State  Government, 
the  Senate.  From  my  experience  with  setti-ng  up  the  HERA  collabora- 
tion I  think  that  prospects  are  no*  bad  to  set  up  a  similar  colla- 
boration for  the  construction  cr  a  future  accelerator  facility, 
provided  some  criteria  can  be  »^et ,  viz: 

-  the  host  country  provides  the  major  part  of  the  necessary 
fund  8 

-  the  host  country  will  finance  the  operation  of  the 
facility 

-  free  access  to  the  facility  is  granted  following  the 
ICFA-recommendations  to  scientists  from  ail  countries, 
which  means  also  countries  which  do  not  contribute  to  the 
construction  ' 

-  the  participating  countries  find  for  their  contributions 
items  which  are  of  technological  interest  for  their  labora- 
tories and  industries 

-  no  (or  little)  money  flow  is  reqjired. 

For  detector  facilities,  international  collaboration  has  a  good 
tradition  and  the  prospects  for  international  collaboration  with 
cost-sharing  are  very  good  also  in  the  future. 

What  are  (a)  the  advantages  and  (b)  the  disadvantages  of  sharing 
the  cost  of  big  science  facilities  on  an  international  basis? 

(a)    International  cost  snaring  for  big  science  facilities 
has  the  obvious  advantage  that  it  might  allow  fhe  con- 
struction of  facilities  which  individual  countries  feci 
they  cannot  construct  alone  for  financial  reasons. 
As  cost  sharing  almost  automatically  means  international 
collaboration,  it  has  the  other  advantage  of  bringing  to- 
gether scientists  and  engineers  of  several  countries  for 
true  and  peaceful  international  collaboration.  Smaller 
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countries  may  also  consider  it  an  advantage  that  through 
an  international  collaboration  in  the  construction  of  the 
facilities  they  get  a  chance  to  be  full  partners  in  front- 
line science. 

(b)  International  collaboration  with  cost  sharing  through  the 
contribution  of  equipment  bringr  as  a  disadvantage 
many  additional  problems  of  coordination,  organization, 
and  administration*  It  therefore  bears  the  risk  to  be 
less  efficient  and  maybe  somewhat  more  expensive  than  a 
form  of  organization,  where  a  budget  is  given  to  one  insti- 
tution. 


How  many  high  energy  physicists  are  performing  research  at  DESY 
and  how  much  funding  is  provided  for  high  energy  physics  research? 

At  DESY,  there  are  at  present  about  500  physicists  performing  re- 
search in  high  energy  physics.  These  physicists  work  in  six  inter- 
national collaborations  on  the  PETRA-  and  DORIS-stc.rage  rings. 
About  70  of  them  have  a  DESY  contract,  about  350  come  from  German 
universities  and  research  institutes,  and  270  from  foreign  coun- 
tries. 

As  for  the  funding,  I  can  only  provide  some  figures  for  Germany 
and  physicists  coming  from  German  universities: 

The  D5SY  budget  in  a  "normal"  year  is  about  145  MDM  (1984  prices). 
This  inlcudes  the  salaries  of  about  1000  staff,  the  opera- 
tion of  the  two  storage  rings  DORIS  and  PETRA  and  of  the  synchro- 
tron radiation  laboratory  and  a  major  part  of  the  operation  of  the 
detectors  at  DORIS  and  PETRA  (foreign  groups  contribute  to  the 
operation  of  the  detectors).  It  also  includes  the  running  costs  of 
the  whole  laboratory. 

In  the  years  1984-1989,  about  600  MOM  are  added  for  the  construction 
of  HERA,  distributed  over  the  years  with  a  profile  peaking  in 
1987.  The  exact  figure  will  depend  on  the  cost  increases  over  the 
years  of  HERA  construction. 

The  DESY  budget  is  provided  by  the  German  Federal  Government  (90  X) 
and  the  Hamburg  ^tate  Government,  the  Senate,  (10  %).  For  the  HERA 
construction,  the  Hamburg  contribution  amounts  to  15  7.. 
The  Federal  Minister  for  Research  and  Technology  funds  university 
groups  in  Germany  with  20  MDM  per  year  (10  M  for  personnel,  1G  M 
for  equipment)  for  high  energy  physics  research,  of  which  4-5  M 
per  year  were  given  to  groups  working  at  DESY  in  the  last  years. 
This  share  will  go  up  for  the  years  1987-1990  when  the  HERA  experi- 
ments will  be  set  up. 

The  staff  paid  out  of  these  funds  supplements  the  university  per- 
sonnel which  is  paid  for  by  the  universities.  Here  I  can  give 
no  figure. 

What  would  be  the  best  worldwide  configuration  of  high  energy 
physics  facilities  from  the  point  of  view  of  science?  How  might 
this  best  be  determined? 

Most  if  not  all  1  iture  accelerator  facilities  for  high  energy 
physics  will  almo  t  certainly  be  colliders,  since  the  high  center 
of  mass  energies  required  can  only  be  achieved  with  that  kind  of 
facility.  Tt.ere  are  bascially  three  kind  of  collisions  between 
high  energy  particles  to  be  studied  with  colliders: 
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hadron-hadron  collisions  in  proton-proton  or  antiproton  colliders, 
lepton-  (anti)  lepton  collisions  in  electron-positron  colliders, 
and  lepton-hadron  collisions  in  electron  (positron)  proton  colli- 
ders. A  promising  field  with  the  potential  for  new  insights  is  also 
the  study  of  collisions  between  complex  nuclei  at  relativistic 
energies,  to  be  investigated  in  nuclear  colliders  like  the  RHIC 
proposed  by  BNL. 

The  four  kind  of  colliders  address  eventually  complementary 
scientific  questions,  having  nevertheless  come  overlap. 
There  are  strong  scientific  reasons  to  have  in  the  next  generation 
at  least  one  collider  of  each  of  the  four  kinds,  which  allova 
for  its  particular  reaction  s  major  step  forward  in  the  available 
center  of  mass  energy.  At  this  moment,  there  are  important  scienti- 
fic questions  specific  to  each  type  of  collider.  Whether  this 
situation  will  repeat  itself  in  the  next  but  one  generation,  is  an 
open  question  to  be  answered  on  scientific  grounds,  mainly  on  the 
basis  of  the  results  obtained  with  the  machines  now  under  con- 
struction. 

Should  some  or  all  future  "big  science"  facilities  be  developed 
on  the  basis  of  international  cooperation? 

I  think  that  for  the  development  of  the  big  facilities  one  should 
always  invite  international  collaboration  of  one  sort  or  another. 
This  should  be  done  in  order  to  make  sure  that  all  the  latest 
scientific  and  technical  know-how  enters  the  design,  independent 
of  the  possibility  for  a  later  collaboration  in  the  construction 
with  cost  sharing.  For  high  energy  physics  facilities  this  interna- 
tional collaboration  in  the  development  stage  is  widely  practiced. 

What  is  the  trend  of  international  collaboration  in  high  energy 
physics?  Is  it  increasing,  decreasing  or  remaining  relatively 
constant? 

In  high  energy  physics,  international  collaboration  is  certainly 
increasing.  This  is  well  demonstrated  by  the  fact  that  we  build  in 
Hamhurg  now  a  large  accelerator  facility  at  a  national  laboratory, 
bESY,  in  international  collaboration.  This  is  certainly  a  step  for- 
ward in  international  collaboration.  Increasing  international  colla- 
boration is  further  demonstrated  by  the  way  in  which  the  big  detectors 
are  being  built  for  the  new    colliding  beam  tacilities  SLC,  Tevatron 
Collider,  LEP  and  HERA  by  large  international  teams,  which  include 
scientists  from    both  sides  of  the  Atlantic,  from  Japan,  from  Eastern 
Countr'es  like  the  Sowjet  Union  and  Poland,  from  the  People's  Republic 
of  China,  from  Israel  and  from  other  countries. 
One  of  the  proposals  for  a  HERA-detector  for  example  is  signed  by 
about  200  scientists  from  nine  countries.  This  type  of  international 
collaboration  on  a  large  scale  is  to  my  mind  also  a  remarkable 
achievement  of  high  energy  physics,  besides  J.»e  exciting  scientific 
results* 

What  factors  (a)  facilitate  or  (b)  inhibit  international  cooperation 
in  high  energy  physics? 

(a)    Here  are  some  factors  which  facilitate  international 
collaboration: 

The  home  institutions  in  particular  the  universities,  have  to 
be  sufficiently  generous  to  their  teaching  personnel  to  allow 
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them  freedom  in  arranging  their  teaching  duties,  so  that  they  can 
actively     .rticipate  in  an  experiment  far  away  from  their  home 
university.  It  certainly  facilitates  international  collaboration 
or  working  on  a  large  center,  if  the  distance  is  not  too  big, 
so  that  an  easy  communication  is  possible.  In  Europe  we  have  the 

bl8r«»anta8e  that  frcm  alm05t  ever*  country  collaborating  in  DESY 
or  CERN  one  can  communicate  between  the  large  facility  and  the 
home  university  on  a  day  to  day  basis.  Funding  .  gencies  should 
certainly  appreciate  the  additional  problem  which  arises  with 
international  collaboration  where  much  travel  is  required.  They 
can  facilitate  the  collaboration  by  making  the  necessary  travel 
funds  available. 

There  are  more  points  of  this  practical  nature  which  I  hesitate 
to  list  here.  The  host  laboratory  can  of  course  help  to  make  the 
social  environment  acceptable  for  the  visiting  scientists  and 
engineers  from  the  various  countries.  This  also  greatly  facilitates 
international  collaboration. 

(b)  There  are  some  administrative  problems  which  inhibit  international 
collaboration  like  customs  regulations,  visa  problems  for  people 
from  Eastern  Countries  or  the  permission  to  cross  freely  the 
boarder,  problems  of  data  connections  across  boarders  and  so  on 
They  ha/e  been  addressed  e.g.  by  the  Summit  Follow  Up  Working 
Group  on  High  Energy  Physics  and  outlined  in  the  Report  to  the 
Bonn  Conference. 


Answer: 


Answer: 


M    ^    .?8t  °f  the  worldwide  h'«h  energy  physic*  community  agree 
with  the  U.S.  high  energy  physics  community  that  the  Superconducting 
Super  Collider  or  a  similar  facility  is  the  highest  priority? 

With  the  technology  of  today,  the  highest  center  of  maf-s  energies 
can  be  achieved  with  proton-proton  or  proton-antiproton 
colliders  like  the  SSC  or  similar  projects  discussed  elsewhere 
e.g.  the  LHC  in  the  LEP-tunnel.  The  success  of  the  CERN  proton- 
antiproton  collider  gives  us  confidence  that  such  a  machine  has  a 
high  scientific  potential.  I  think  it  is  correct  to  say  that  at 
this  moment,  most  high  energy  physiciats  would  agree  that  a  very 
high  energy  proton  proton  or  proton-antiproton-collider  would  have 
highest  priority  as  a  machine  of  the  next  generation. 
If  a  technique  would  show  up  which  allows  to  collide  electrons 
with  positrons  at  much  higher  energies  than  with  LEP  at  CERN 
this  priority  might  be  questioned. 

We  hope  of  course  that  by  then  the  hadroii  collider  is  under 
construction  at  some  place  ani  that  the  high  energy  electron- 
positron  collider  would  be  the  machine  to  be  built  next. 

9*    ^rtidcu!L,K0rl?/eader8hip,'  ln  hi8h  energy  P^81"  *ean?  What 
?vo"  benefits  "true  to  the  "world  leader"  versus  "number 

Why  should  national  policy  makers  care  whether  or  not  the  nation  is 
first,  second  or  third  in  high  energy  physics  research? 

I  would  prefer  to  not  answ  <  that  question.  I  think  that  we  have 
learned  in  the  past  ten  or  twentv  vp/*r*  m  ,rtn.u««f     «  ► 
tlonally  on  thePfront  line  KSHtle2™ntSuSnIi"6Sf'tn«ln.a88ti.t. 
from  all  nations  Involved  ln  this  reseach  share  the  credit  for  It: 
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success.  We  also  have  arrived  at  a  situation  where  front  line  machine* 
which  attract  scientists  from  many  countries  are  located  In  several 
regions  of  the  world. 

In  such  a  scheme  It  is  obviously  inevitable  that  at  a  given  moment 
In  time  the  facility  in  one  place  has  the  chance  to  give  best  physics. 
In  the  long  term  however,  this  should  average  out.  National  policy 
m  akers  should  care  that  their  nation  takes  Its  share  In  this  world- 
wide effort  to  explore  the  secrets  of  matter,  that  the  funds  they 
make  available  are  used  to  build  front-line  facilities  both,  accele- 
rators tnd  detectors,  and  that  the  scientists  of  their  country  get 
the  chance  to  do  excellent  research  in  International  collaboration. 


10.    Are  the  experiences  of  International  cooperation  In  high  energy 
physics  directly  applicable  to  other  fields  of  science?  What 
lessons  may  be  learned? 

Answer:  I  don't  think  that  one  can  easily  apply  the  experience  made  In  high 

energy  physi-s  to  other  fields  of  science.  High  energy  physics  is 
characterf    d  by  very  large  collaborations  with  a  large  number  of 
scientists.  This  nearly  dictates  International  collaboration. 
I  don't  know  of  an"  orher  field  of  science  where  the  teams  need 
to  be  as  l*rge  as  to  make  International  collaboration  of  that  type 
a  necessity. 


V.  Soergel 
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QUESTIONS  FOR  THE  RECORD 

Q.  Brianti 

1-  IS  THE  FUTURE  PROSPECT  FOR  THE  INTERNATIONAL  COST-SHARING 

OF  THE  NEXT  GENERATION  OF  HIGH  ENERGY  PHYSICS  FACILITIES.  BOTH  IN  TERNS  OF 
CONSTRUCTION  AND  OPERATION? 

The  total  cost  of  high  energy  physics  for  a  given  nation  or  a  group  of 
nations  can  be  divided  in  two  categories  : 

i)  construction  and  operation  of  accelerators/colliders  and  related 
infrastructure, 

ii)  construction  and  operation  of  experimental  detectors. 

In  general  the  costs  of  i)  are  covered  by  the  Agency  responsible  for  the 
laboratory,  while  the  costs  of  ii)  are  shared  in  wide  international 
collaborations. 

At  CERN,  the  'Agency-  is  forned  by  thirteen  Member  states  and  the  costs  i) 
are  shared  aaong  them  on  the  basis  of  an  International  Convention,  which  has 
insured  stability  and  continuity  of  the  Organization  for  more  than  thirty 
years.    Recently  the  LEP  experiaents  at  CERN  plan  to  receive  *  35\  of  the 
total  cost  from  foreign  countries  in  the  fora  of  actual  components. 

Either  methods  could  be  applied  to  a  new  large  facility.  ' 

2#   ^IfJ  (A)  ™E  WANTAGES  AND  (B)  THE  DISADVANTAGES  OF  SHARING  THE 
COST  OF  BIG  SCIENCE  FACILITIES  ON  AN  INTERNATIONAL  BASIS? 

(a)  Advantages 

i)  The  obvious  one  that,  by  pooling  human  resources  and  financial  means,  a 
better  and  more  advanced  facility  can  be  built, 

ii)  The  daily  -work  together-  of  people  with  different  cultural  backgrounds 
and  mentality,  which  often  constitutes  an  enrichment  of  the  individual 
participants,  their  hone  institutions  and  through  them  other  scientists 
and  students.    It  contributes  to  proaote  high  standards  of  excellence 
and  allow  wider  access  to  frontier  research  facilities. 

(b)  Disadvantages 

i)    The  danger  that  the  potentially  accrued  value  of  the  united  facility 
is  lessened  by  difficulties  or  hesitations  of  one  or  more  of  the 
partners. 

3'    {££  ^Y  Ht6H  EHERGY  PHYSICISTS  ARE  PERFORHING  RESEARCH  AT  CERN  AND 
HDH  HUCH  hUNOING  IS  PROVIDED  FOR  HIGH  ENERGY  PHYSICS  RESEARCH? 

ThS™tal  nuaber  o£  high  ener*y  Physicists  performing  research  at  CERN  is 
*  2700,  of  which  -  2200  coae  froa  CERN  Member  States  and  *  500  from 
non-Menbcr  States  (-  200  froa  USA) . 

7aa  t055i  CERN  bud9Ct  is    700H  Swlss  Francs  Per  annua-    To  this  one  should 
."W  *  600M  Swiss  Francs  spent  nationally  m  the  CERN  Member  States. 
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WHAT  WOULD  BE  THE  BEST  WORLDWIDE  CONFIGURATION  OF  HIGH  ENERGY 

PHYSICS  FACILITIES  FROM  THE  POINT  OF  VIEW  OF  SCIENCE?  HOW  NIGHT  WIS  BEST 

BE  DETERMINED? 

The  best  worldwide  configuration  would  be  one  in  which  complementarity  is 
achieved  in  one  or  tore  of  the  following  features  : 

i)  energy  of  particle  collisions  at  constituents'level 

ii)  types  of  particle  collisions 

iii)  research  aims 

iv)  dates  of  initial  operation. 

Ideally  it  would  be  attractive  to  explore  the  energy  range        <  Tevatron  I 
at  Fermilab,  namely  the  TeV  region,  by  one  hadron  collider  '    .  \on-proton  or 
proron-antiproton)  and  one  electron-positron  collider  witli  s  „<tsonable 
geographical  distribution,  e.g.  one  in  USA  and  ore  in  Europe. 

However  it  mist  be  noted  that  the  technologies  to  realize  the  two  types  of 
installation  have  not  reached  to-date  the  sate  degree  of  maturity.  While 
circular  hadron  colliders  would  make  use  of  rather  well  established 
techniques,  the  electron-positron  linear  colliders  eagerly  await  results  of 
the  SIC  at  SLAC  in  !986  for  50  GeV  on  50  GeV,  before  an  extrapolation  to, 
say,  1  TeV  on  1  TeV  can  be  based  on  solid  grounds. 

Concerning  hadron  colliders,  the  highest  cost  effectiveness,  namely  the  cost 
in  $  per  TeV,  would  be  achieved  with  the  LHC  in  the  CERN  LEP  Tunnel,  because 
of  the  existing  infrastructure  (injectors,  tunnel,  laboratory  facilities )- 
Globally,  the  most  rational  approach  would  be  to  review  the  situation  mt  the 
end  of  1987  after  one  year  of  operation  of  the  SLC  in  the  USA  and  the 
conclusions  of  the  Working  Group  on  the  Scientific  and  Technological  Future 
of  CERH  chaired  by  C.  Rubbia. 


SHOULD  SOME  OR  ALL  FUTURE  'BIG  SCIENCE'  FACILITIES  BE  DEVELOPED  ON 
THE  BASIS  OF  INTERNArI0NAL  COOPERATION? 

In  high  energy  physics  all  big  facilities  are  used  internationally.  For 
their  construction  and  operation,  it  is  difficult  to  make  very  general 
statements  (see  also  the  answers  to  other  questions). 


WHAT  IS  THE  TREND  OF  INTERNA*  .ONAL  COLLABORATION  IN  HIGH  ENERGY 
PHYSICS?   IS  IT  INCREASING.  DECREASING  OR  llEHAINING  RELATIVELY  CONSTANT? 

By  international  agreement  established  in  1954  among  thirteen  European 
Countries,  all  CERN  projects  have  been  built 'internationally .    In  addition, 
the  trend  of  international  collaboration  in  high  energy  physics  is  a  steady 
increase  for  what  concerns  experiments,  in  particular  in  the  case  of  large 
detectors.    Examples  are  L3  at  CERN  LEP,  and  indeed  all  LEP  experiments,  and 
CDF  at  Fermilab.    Recently,  also  the  HERA  collider  at  DESY  (Germany)  has 
been  based  on  a  financially  modest  but  technologically  significant 
international  collaboration  in  the  form  of  actual  machine  components 
supplied  by  foreign  countries. 
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7.    WHAT  FACTORS  (A)  FACILITITATE  OR  (B)  INHIBIT  INTERNATIONAL  COLLABORATION 
IN  HIGH  ENERGY  PHYSICS? 

(a)  Factors  which  facilitate  international  collaboration: 

i)  The  hope  of  achieving  a  better  global  result 

ii)  The  success  already  obtained  through  international  collaboration. 

(b)  Factors  inhibiting  international  collaboration: 
1)    National  pride 

ii)  Fear  of  a  decreased  activity  in  the  local  UniversiLies. 


DOES  THE  REST  OF  THE  WORLDWIDE  HIGH  ENERGY  PHYSICS  COMMUNITY  AGREE 

WITH  THE  U.S.  HIGH  ENERGY  PHYSICS  COMMUNITY  THAT  THE  SUPERCONDUCTING  SUPER 

COLLIDER  OR  A  SIHILAR  FACILITY  IS  THE  HIGHEST  PRIORITY? 

The  world  high  energy  physics  community  agrees  that  progress  in  this  science 
can  only  be  achieved  by  enhancing  the  range  of  energy  available  in  the  TeV 
region. 

At  the  moment,  the  only  predictable  way  of  achieving  this  is  by  building  a 
hadron  collider  considerably  larger  than  TeV  I.    However,  the  answer  to 
question  4  should  be  borne  in  mind. 


WHAT  DOES  WORLD  LEADERSHIP'  IN  HIGH  ENERGY  PHYSICS  MEANS?  WHAT 
PARTICULAR  BENEFITS  ACCRUE  TO  THE  'WORLD  LEADER'  VERSUS  'NUMBER  TWO'? 
WHY  SHOULD  NATIONAL  POLICY  MAKERS  CARE  WHETHER  OR  NOT  THE  NATION  IS  FIRST. 
SECOND  OR  THIRD  IN  HIGH  ENERGY  PHYSICS  RESEARCH? 

I  do  not  think  that  the  'world  leadership*  has  a  real  significance  for  high 
energy  physics,  which  is  an  open  field  where  all  results  are  published. 
However,  given  its  cultural  relevance,  what  is  important  for  a  nation  or  a 
group  of  nations  is  to  maintain  a  support  vigourous  enough  to  attract 
excellen*.  young  researchers  into  the  field.    In  practically  all  cases,  these 
scientisits  will  have  the  opportunity  to  carry  out  their  research  in  wide 
international  collaborations,  very  often  on  a  world  basis. 

Hence  the  importance  of  geographical  distribution  of  facilities,  so  that 
fore-front  research  can  be  carried  out  by  University  teams  in  more  than  one 
nation  or  region. 


10.  ARE  THE  EXPERIENCES  OF  INTERNATIONAL  COOPERATION  IN  HIGH  ENERGY 

PHYSICS  DIRECTLY  APPLICABLE  TO  OTHER  FIELDS  OP  SCIENCE?   HHAT  LESSONS  MAY  BE 


Certainly  the  experiences  of  international  cooperation  in  high  energy 
physics  can  be  applied  in  other  fields  of  fundamental  research.    In  my 
opinion  the  advantages  of  international  collaboration  go  much  beyond  the 
sharing  of  cost.    It  fosters  scientific  excellence  and  enriches  the 
participants  by  the  exchange  of  different  experiences  and  by  the  daily 
comparison  of  more  varied  cultural  backgrounds. 
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Question  1:   what  is  the  future  prospect  for  the  international  cost-sharing 
of  the  next  generation  of  high  energy  physics  facilities,  both  in  terms  of 
construction  and  operation? 

Answer:    It  is  too  early  to  give  a  definitive  prediction  of  the  prospects 
for  international  cost  sharing  in  the  next  generation  of  high  energy  physics 
facilities.    With  regard  to  the  Superconducting  Super  Collider,  SSC,  reject 
which  is  being  studied  in  the  U.S.,  we  are  actively  pursuing  opportunities 
for  international  cooperation  and  cost  sharing.   We  are,  for  example, 
pursuing  tnis  through  the  Economic  Summit  process.    Dr.  Tnvel piece,  the  U.S. 
representative  and  Chaiman  of  the  High  Energy  Physics  Working  Group, 
recently  sent  a  lPtter  to  his  Summit  colleagues  inviting  participation  of 
scientists  from  their  countries  in  the  SSC  effort.    By  this  process,  we  hope 
to  develop  grassroots  interest  in  SSC  among  foreign  scientists  as  a  step 
toward  more  substantial  and  formal  participation.    The  Western  European 
cocmumty  is  heavily  committed  through  the  remainder  of  this  decade  to  its 
own  major  efforts  to  buiid  two  one  billion  doltar  class  high  energy  physics 
facilities,  the  Large  Electron-Positron  facility,  LEP,  at  CERN  and  the 
Hadron-Elektron-Rmg-Anlage  facility,  HERA,  at  DESY.    Although  they  are 
unlikely  to  be  able  to  contribute  to  SSC  construction,  I  believe  that  there 
will  be  significant  European  collaboration  in  detector  fabrication  for  the 
SSC   Also,  I  am  optimistic  about  the  possibility  of  substantial  collaboration 
and  cost  sharing  with  the  Japanese,  although  we  don't  have  any  specific 
indications  at  this  time. 

With  regard  to  mtei nationa  1  sharing  in  the  operation  costs  of  faci  *  ties, 
we  believe  that  charges  for  use  of  accelerators  would  have  a  negative  impact 
on  international  cooperation  on  a  global  ba^is.   Clearly,  if  we  were  to 
impose  a  use  charge  on  foreign  users,  they  would  reciprocate  by  imposing  such 
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charges  on  the  U.S.  for  use  of  their  facilities.    Such  a  condition  would  tend 
to  discourage  international  collaboration.   Furthermore,  there  would  be  no 
long-term  net  gain  to  the  U.S.  from  such  a  procedure  since  U.S.  physicists 
currently  have  their  proposals  accepted  at  foreign  high  energy  phyOics 
facilities  on  the  basis  of  their  scientific  merit  with  no  charge  for  beam 


In  summary,  we  recognize  the  importance  of  international  collaboration  and 
cost  sharing  in  the  SSC  and  are  actively  exploring  and  pursuina  oppor- 
tunitier  and  working  to  develop  appropriate  mechanisms.    As  indicated,  the 
prospects  of  cost  sharing  in  construction  are  uncertain,  while  the  prospects 
for  cost  sharing  in  major  detector  fabrication  are  very  promising. 
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Question  2:  What  are  (a)  the  advantages  and  (b)  the  disadvantages  of  sharing 
the  cost  of  big  science  facilities  on  an  International  basis? 

Answer:    The  primary  advantage  of  International  cost  sharing  1n  the  cost  of 
big  science  facilities  1s  that  1t  may  lessen  the  financial  burden  of  the  host 
nation,   un  a  long-term  basis,  the  Integrated  costs  to  each  region  may  be 
about  the  same  for  a  given  scope  of  the  world  program,  assuming  that  the 
current  balance  among  regions  remains  about  the  same  as  at  present.  In 
addition,  once  International  agreements  arc  achieved,  this  might  lead  to  the 
advantage  of  more  stable  long-range  funding  conurltments  for  high  energy 


:he  sharing  in  the  cost  of  large  facilities  requires  the  negotiation  of 
formal  International  agreements  and  procedures.    This  process  1s  uncertain, 
cumbersome,  and  time  consuming.   Such  a  process  could  cause  delays  1n 
securing  approval  for  starting  projects  and  also  impose  complexities  and 
constraints  on  the  Implementation  and  management  of  the  projects.  The 
delay    and  constraints  would  result  1n  1neff1c1ences  and  higher  overall 
costs  for  the  world  program.    There  are  also  many  logistical  and  admini- 
strative problems  associated  with  major  International  activities,  Including 
a  mult',    fdty  of  formal  approvals  and  other  problems  such  as  visa  issues 
and  export  regulations.   Satisfactory  mechanisms  to  deal  with  these  issues 
io  not  exist  today.    Discussions  are  under  way  to  Improve  some  of  these 
situations  through  the  Economic  Suimrlt  process. 
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(>iestion  3:  What  would  be  the  best  worldwide  configuration  of  high  energy 
physics  facilities  from  the  point  of  view  of  science?  How  might  this  best 
be  determined? 

Answer:   The  best  worldwide  configuration  for  high  energy  physics  facilities 
would  be  one  that  permits  effective  exploration  of  important,  unexplored 
physics  domains  with  no  unnecessary  duplication  of  capabilities.  Clearly 
the  major  types  of  frontier  capabilities  as  envisioned  today  are  high  energy 
electron-positron  colliders,  proton-proton/proton-antiproton  colliders,  and 
electron-proton  colliders  at  the  energy  frontier,  as  well  as  fixed  target 
capabilities  with  various  types  of  secondary  beams.    As  the  worldwide  high 
energy  physics  orogram  is  evolving  today,  Western  Europe  will  have  the  lead 
role  in  the  early  1990's  in  electron-positron  colliders  with  the  Large 
Electron-Positron,  LEP,  facility  and  in  electron-proton  colliders  with  the 
Hadron-Elektron-Ring-An lage,  HERA,  facility,  while  the  U.S.  will  have  the 
lead  in  proton-anti proton  colliders  with  the  Tevatiun  i  -eciiiry  and  in 
fixed-target  physics  with  the  Tevatron  II  facilities  until  the  Soviet  UHK 
3  TeV  on  3  TeV  hadron  collider  comes  into  operation.    At  this  time,  there  is 
consensus  that  the  next  step  beyond  these  facilities  should  be  a  hi qh 
luminosity  proton-proton  collider  able  to  explore  in  the  TeV  mass  scale. 
The  Superconducting  Super  Collider,  SSC,  being  studied  in  the  U.S.  is  the 
leading  candidate  for  this  capability. 

The  characteristics  of  the  best  configuration  of  high  energy  phvsics 
facilities  at  any  given  time  have  tc  be  determined  from  scientific  needs, 
with  worldwide  consensus  and  coordination  of  plans  for  new  facilities.  The 
International  Committee  for  Future  Accelerator,  ICFA,  and  the  Economic 
Summit  proress  provide  two  special  forums  for  discussion  of  plans  on  a 
worldwide  basis  and  for  development  of  mechanisms  for  improved  international 
collaboration  in  high  energy  physics.    In  addition,  there  is  extensive 
communication  between  high  energy  physicists  of  all  regions,  and  it  is  in  the 
best  self  interest  of  each  region  to  achieve  unique  frontier  capabilities  in 
each  region  rather  than  redundancy. 


ERIC 


98 


Qiestion  4:  Should  some  or  ail  future  Mbig  science"  facilities  be  developed 
on  the  basis  of  international  couperation? 

Answer:   There  is  a  lorg  history  of  extensive  international  communication 
and  cooperation  in  high  energy  physics,  including  the  planning  for  new 
facilties.    It  has  been  mutually  agreed  by  the  participants  in  the  High 
Energy  Physics  Working  Group  of  the  Economic  Summit  Process  that  the 
required  new  and  advanced  facilities  can  be  built  and  operated  within 
broadly  constant  worldwide  budgets  {with  some  fluctuations  during  years  of 
peak  capital  expenditure),  provided  that  there  is  no  unnecessary 
duplication.    This  implies  planning  on  an  inter-regional  basis  to  ensure 
complementarity  and  cost  effectiveness.   Further  concentration  of  facilities 
is  inevitable;  however,  the  Working  Group  is  convinced  that  more  than  one 
regio.  working  effectively  in  high  energy  physics  is  essential  to  the  health 
of  the  science  in  the  period  of  the  study. 

Each  case  should  be  judged  on  its  own  merits  lr  d  worldwide  context.   On  the 
other  hand,  I  think  it  would  be  wrong  to  make  a  generalized  pronouncement 
that  all  large  future  facilities  should  be  developed  on  the  basis  of 
international  cooperation. 
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Qjestion  5:  What  is  the  trend  of  international  collaboration  in  high  energy 
physics?  Is  it  increasing,  decreasing  or  remaining  relatively  constant? 

Answer:    International  collaboration  in  high  energy  physics  is  very  extensive 
but  is  also  clearly  increasing.   During  the  past  two  decades,  we  have  seen  a 
trend  from  a  mode  which  primarily  involved  participation  in  international 
meetings  and  conferences  and  exchange  of  individual  scientists,  to  one 
involving  participation  in  joint  experiments  and  extensive  use  of  each 
other's  facilities  on  a  long-term  reciprocal  basis  and  more  recently,  to 
joint  participation  and  cost  sharing  in  the  design,  fabrication,  and  use  of 
major  detectors.    For  example,  there  is  strong  participation  by  Japanese  and 
Italian  scientists  in  the  Colliding  Detector  at  Fermi  lab,  CDF,  including  a 
total  of  about  $15  million  in  cost  sharing  (nearly  30  percent  of  the  cost  of 
COF).    U.S.  scientists  are  participating  to  some  extent  in  all  four  major 
detectors  at  the  Large  El ectron-Positra,  LEP,  facility  and  one  LEP 
experiment  is  led  by  a  U.S.  scientist.    U.S.  scientists  have  indicated  their 
interest  in  participation  in  Hadron-Elek*.  on-Ring-Anlage,  HERA,  experiments. 
One  major  experiment  on  the  TRISTAN  facility  being  built  in  Japan  is  jointly 
funded  by  the  U.S.  and  Japan. 

As  the  cost  of  major  facilities  continues  to  increase,  it  is  clearly 
essential  to  avoid  unnecessary  duplication  of  facilities  and  to  seek  means 
to  reduce  the  fiscal  impact  of  tlie  large  facilities.   There  is  serious 
pursuit  of  discussions  to  establish  mechanisms  for  broader  participation. 
The  Economic  Summit  process  is  one  of  these. 
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(friestion  6:    What  attributes  of  high  energy  physics  make  international 
cooperation  easy  to  achieve? 

toswer:   High  energy  physics  has  a  long  tradition  of  international  collab- 
oration and  cooperation.    The  many  years  of  working  together,  which  have 
established  successful  modes  of  collaboration  and  a  framework  for  dialogue, 
provide  a  basis  of  mutual  trust  and  understanding  for  continued  cooperation. 

High  energy  physics  is  an  area  where  there  is  strong  and  widespread  interest 
by  all  highly  developed  countries.    As  an  area  of  very  basic  research  with 
no  Immediate  military  or  industrial  applications,  it  is  an  area  where 
competing  regions  may  freely  and  openly  work  together. 

Another  major  attribute  of  high  energy  physics  which  facilitates  international 
collaboration  is  the  concentration  of  the  experimental  research  at  a  few 
large  facilities.    With  only  a  few  major  world  centers  (Fermi  lab,  Brookhaven 
National  Laboratory  and  Stanford  linear  Accelerator  Center  in  the  U.S.;  CERN 
and  OESV  in  Western  Europe;  K£K  in  Oapan;  and  Serpukov  and  Novosibirsk  in 
the  Soviet  Union)  and  with  a  cohesive  set  of  physics  goals  and  mutual 
interests,  it  is  relatively  easy  for  the  leaders  of  the  field  to  focus  on 
the  issues  and  work  together  to  develop  mechanisms  for  cooperation, 
coordinate  planning  of  facilities,  and  reach  consensus,  provided  the 
proposed  cooperation  results  in  mutual  benefit  to  all  the  participants. 

(Xjestion:  Does  the  field  have  attributes  that  make  international  cooperation 
difficult? 

Answer:    The  primary  impedances  to  international  collaboration  in  high 
energy  physics  seem  to  lie  in  the  domain  of  logistical  and  administrative 
(visas,  foreign  travel  restrictions,  export  licensing,  etc.)  issues  rather 
than  in  the  inherent  attributes  of  the  field. 
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tyestion  7:    Has  there  been  an  ovennvestnent  or  underinvestment  in  high 
energy  physics  relative  to  other  subfields  of  physics  or  other  disciplines? 
How  can  the  appropriate  levels  of  investment  in  different  subfields  on 
disciplines  best  be  determined? 

Answer:    I  believe  the  best  way  is  to  look  at  the  individual  programs  and 
assess  the  importance  and  excellence  of  the  scientific  results  or  that 
program,  the  importance  of  the  program  to  the  nation's  o.erall  scientific 
effort*  and  the  needs  a  particular  program  has  to  remain  excellent, 
productive,  and  world  competitve.    I  do  not  feel  qualified  to  try  to  give  an 
assessment  of  what  is  going  on  in  subfields  of  physics  other  than  high 
energy  physics  or  nuclear  physics,  or  in  other  disciplines.    I  will, 
therefore,  focus  my  response  on  the  state  of  high  energy  physics. 

High  energy  physics  is  a  field  in  which  effectiveness  and  productivity  are 
critica 1  ly  dependent  on  the  capability  of  its  experimental  facilities.  A 
successful  high  energy  physics  program  demands  the  availability  of  facilities 
capable  of  forefront  research  in  the  important,  unexplored  physics  domains. 
These  facilities  are  large,  complex,  anu  costly.    I  believe  that  the  u.S. 
today  has  a  world-competitive  high  energy  physics  program.    It  Is  also  clear 
that  to  remain  a  world-class  program  further  substantial  investments  in  high 
energy  physics  facilities  are  essential.    Is  the  investment  in  high  energy 
physics  out  of  line  with  the  investment  in  other  science  programs?    I  really 
don't  know  how  to  make  such  a  comparison,  but  c*n  only  state  that  the 
present  investment  in  high  energy  physics  has  given  us  a  productive,  world- 
class  program  which  has  produced  many  payoffs  in  scientific  discoveries, 
technological  benefits  to  the  nation,  and  international  prestige.  A 
substantially  smaller  investment  would  result  in  a  second-class  program. 
An  increased  mves-ment  can  be  justified  and  cculd  be  profitably  utilized. 
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fcestion  8:  What  factors  either  {  )  facilitate  or  (b)  inhibit  international 
cooperation  in  high  energy  physics? 

Answer:   The  major  factors  which  facilitate  international  collaboration  in 
high  energy  physics  are  the  long  history  of  effective  collaboration  and 
cooperation  in  high  energy  physics  and  the  concentration  of  the  program  on 
a  few  large  facilities.   The  large  cost  of  foiefront  facilities  encourages 
joint  use  and  coordinated  planning  for  the  construction  of  new  unique 
facilities.    This  need  has  been  recognized  by  the  fornal  agreement  between 
all  major  participants  in  high  energy  physics  that  facilities  in  each  region 
are  available  to  scientists  of  all  regions  on  the  basis  of  the  scientifc 
merit  of  their  proposal  without  regard  to  nationality  and  w:thout  charge  for 
beam  time. 

The  major  inhibiting  factors  to  joint  funding  of  facilities  are  the  logistic 
and  administrative  difficulties  I  discussed  earlier.    In  addition,  the 
requirements  for  international  agreements,  which  move  slowly  and  frequently 
impose  delays  and  operational  constraints  on  programs,  could  result  in 
inefficiences  and  larger  overall  costs  for  the  world  program. 
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Question  9:   Will  spendinq  of  national  funds  on  international  facilities  be 
to  the  detriment  of  national  laboratories?   What  is  the  appr  priate  level  of 
funding  or  national  research  efforts  versus  international  efforts  and  how 
should  these  levels  be  determined? 

Answer:    Within  a  given  budget  level  for  the  national  program  there  is  a 
competition  for  funds  between  efforts  related  to  national  facilities  and 
those  related  to  foreign  or  international  facilities.    Clearly,  if  the 
overall  program  includes  substantial  efforts  related  to  international 
facilities,  national  facilities  will  not  receive  as  nwch  funding  as  they 
would  in  an  exclusively  national  program.    This  can  be  a  detriment  to 
individual  national  laboratories. 

From  a  more  global  point  cr  v  ew,  each  nation  must  strive  to  achieve  a 
balarced,  comprehensive  progr&m  with  investigations  in  important  phys:cs 
domains.    The  costs  of  facilities  and  fiscal  restraint  simply  do  not  peimit 
each  nation  to  have  every  kind  of  facility.    Use  of  foreign  facilities  with 
unique  capabilities  not  available  in  the  U.S.  and  participation  in  the 
development  of  international  facilities  are  essential  to  a  well  balanced 
program  of  research  and  ere  the  most  cost-etfect^ve  ways  to  proceed. 

There  is  no  simple  general  answer  to  the  appropriate  balance  between  funding 
of  national  versus  international  efforts.    It  is  a  dynamic  situation.  Each 
year  it  is  necessary  to  look  at  commitments,  physics  needs,  facility 
capabilities,  and  the  interests  of  scientists  to  determine  the  appropriate 
balance  within  avdi  Uble  resources.    It  is  essential  to  have  a  base  of 
facilities  with  forefront  research  capabilities  in  the  national  program  in 
order  to  su'tain  a  worH-competiti  ve  program.    The  national  facilities  must 
be  funded  adequately  to  pemit  them  to  operate  at  a  productive,  cost- 
effective  level. 
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(>jestion  10:   What  does  "world  leadership"  in  high  energy  physics  mean? 
What  particular  benefits  accrue  to  the  "world  leader"  versus  "number  two"? 

Answer:    The  concept  of  world  leadership  in  high  enprgy  physics  refers  to 
the  capability  to  do  forefront  research  and  produce  a  reasonable  share  of 
the  truly  significant  results  on  a  worldwide  basis.    What  is  referenced  is  a 
vorld  leading  or  world-competitive  position,  not  one  of  dominance. 

The  benefits  of  a  competitive,  world-leading  program  are  that  the  U.S. 
physicists  and  the  nation  share  in  significant  discoveries  and  excitement  of 
this  exploratory  field  of  basic  research  and  receive  worldwide  recognition 
nd  international  prestige  for  scientific  and  technological  leadership. 
Being  able  to  work  at  the  forefront  and  make  pioneering  discoveries  provides 
a  strong  incentive  and  drive  to  the  nation's  high  energy  physicists  and 
helps  attract  the  top  quality  people  who  are  essential  to  sustain  excellence 
in  this  highly  challenging  and  demanding  program. 

The  investment  required  for  a  high  energy  physics  program  is  large  in  terms 
of  funding  and  manpower  resources.    This  stems  from  the  inherent 
characteristics  of  the  facilities  required  for  forefront  exploration.  A 
program  with  non-forefront  facilities  or  with  facilities  which  come  on  late 
costs  as  much  as  a  competitive,  world-leading  program  but  does  not  make 
forefront  discoveries* 

Question:  Why  should  national  policy  makers  care  whether  or  not  the  nation 
is  first,  second  or  third  in  high  energy  physics  research? 

Answer:    National  policy  makers  should  be  concerned  about  the  return  on  the 
investment  made  in  high  energy  physics  and  about  the  strength  of  the 
nation's  science  and  technology  base.    High  energy  physics  is  an  important 
fundamental  science  base  of  the  nation's  scientific  and  technological 
strength.   The  U.S.  should  be  world  competitive  and  have  some  share 
of  the  forefront  facilities  in  the  field.    It  costs  almost  as  much  to  be 
second  and  there  is  little  credit  and  much  less  benefit  to  the  nation. 
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Qjestion  11:    Are  the  experiences  of  international  cooperation  in  high 
energy  physics  directly  applicable  to  other  fields  of  science'  What 
lessons  may  be  learned? 

Answer:   High  energy  physics  has  clearly  been  a  pioneer  in  establishing 
mechanisms  for  effective  international  cooperation  and  collaboration. 
Clearly  the  patterns  and  mechanisms  developed  in  high  energy  physics  could 
be  beneficial  to  other  fields,  particularly  those  requiring  large  facilities. 
Perhaps  the  biggest  lesson  to  be  learned  is  that  successful  international 
cooperation  requires  mutual  interest  and  benefit.    We  have  learned  that  it 
is  essential  to  develop  a  basis  of  dialogue  and  interaction  before  attempting 
any  significant  collaboration  or  cost-sharing  efforts.  International 
cooperative  efforts  have  had  the  mutual  and  beneficial  effect  of  providing 
each  region  with  access  to  unique  research  opportunities  which  it  could 
not  afford  to  provide  locally. 
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QUESTIONS  AND  ANSWERS  FOR  "WE  RECORD 


Professor  Jean  Sac  ton 


Preanfrte;  Because  of  the  strong  relationship  between  seme  of  the  questions,  I 
would  appreciate  that  these  answers  be  looked  at  as  a  whole. 

This  document  summarizes  my  personal  views  and  should  not  be  considered  as 
representing  the  views  of  ECFA. 

Seme  of  these  questions  are  worthy  of  much  longer  discussion  than  the  few 
enclosed  comments. 

1.  Whet  fs  the  future  prospect  for  the  International  cost^sharlng  of  the  next 
generation  of  high  energy  physics  facilities,  both  In  terms  of  construction 
and  operation? 

The  next  generation  of  high  energy  physics  feci  1 1  ties  wf  1 1  be  expen- 
sive and  therefore  unnecessary  duplication  should  be  avoided.  However,  ac- 
cess to  a  variety  of  machines  (such  as  hadron-hadron,  electron-positron  or 
electron-proton  colliders)  will  remain  a  must  for  ensuring  the  success  of 
our  field.  It  Is  therefore  expected  that  high  energy  physics  facilities 
will  continue  to  exist  In  various  regions.  In  operating  these  facilities, 
the  regions  wilt  have  the  obligation  to  open  them  to  competent  physicists 
from  al  I  over  the  world,  the  access  being  guaranteed  on  the  sole  considera- 
tion of  t:,e  scientific  value  of  the  proposed  experiments  and  their  techni- 
cal and  financial  feasibility.  As  Is  presently  the  case  for  most  of  the 
big  high  energy  physics  laboratories,  there  should  be  no  or  minimal  parti- 
cipation of  the  outside  users  to  the  operational  costs. 

As  far  as  the  funding  of  the  construction  of  accelerators  Is  con- 
cerned, Europe  has  experienced  two  dl fferent  model s: 

(a)  CERN,  which  Is  an  International  organization.  Is  funded  by  Its 
various  Member-States  according  to  wel  I  defined  quotas.    The  fund 
Is  at  the  disposal  of  the  organization  to  develop  an  agreed  pro- 
gramme of  accelerator  construction  and  exploitation. 

Cb)  DESY,  a  national  laboratory,  has  recently  started  the  construc- 


tion of  the  HE3A  ep  collider.  This  machine  will  be  funded  mainly 
by  the  German  Authorities  with  a  participation  from  other  coun- 
tries supplying  either  hexnemede  machine  components  or  manpower. 
The  nature  and  the  level  of  this  participation  Is  determined  on 
the  basis  of  bilateral  agreements  between  each  country  and  Ger- 
many, 


Model  (a),  proposed  In  the  Fifties,  has  proved  to  be  successful  In 
Europe  but  would  be  probably  much  more  dlff'cult  to  Implement  nowadays  at 
an  Interregional  level.  Model  (►)  seems  promising  but  Its  success  has 
still  to  be  assessed. 
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The  exchange  of  specialized  personnel  during  the  R&D  phase  preceding 
future  accelerator  construction  should  also  be  viewed  In  the  future  as  an 
essential  contribution  to  the  project. 

In  the  construction  of  large  facilities,  the  active  Involvement  of 
Industry,  both  from  the  host  region  and  from  the  other  participant  coun- 
tries, should  be  encouraged  even  during  the  R&D  phase.  This  participation 
should  be  organized,  however,  with  great  care  In  view  cf  the  widely  differ- 
ent local  situations. 

It  Is  worth  mentioning  that  general  purpose  detectors  In  use  at  col- 
liding beam  facilities  can  be  considered  as  part  of  the  machine.  Cost 
sharing  In  detector  construe  Hon  Is  already  a  current  practice. 

2.  What  are  (a)  the  advantages  and  (b)  the  disadvantages  of  sharing  the  cost 
of  big  science  facll.t  es  on  an  International  basis? 

Cost  sharing  of  "big  science"  facilities  on  an  International  basts  snould 
contribute  to  avoiding  unnecessary  duplication,  It  should  permit  the  reali- 
zation of  ambitious  projects  which  otherwise  would  remain  fiction.  Such 
unique  fact  1 1  ties  woul  d  unavoidably  drain  top  skilled  scientists,  engineers 
and  technicians  from  all  parts  of  the  world  and  contribute  to  the  creation 
of  centres  of  excellence.  However,  various  kinds  of  management  difficul- 
ties, Inherent  to  big  International  enterprises,  could  lead  to  a  rapid 
decrease  In  efficiency  (lack  of  autonomy,  lack  of  flexibility).  In  the 
long  term  the  danger  Is  real  for  a  loss  of  competition  spirit  and  creativi- 
ty which  could,  nevertheless  be  overcome  If  various  local  programmes  of 
high  quality  are  run  In  parallel.  These  programmes  would  be  essenttal  for 
the  training  of  those  people  who  will  later  be  working  at  the  central  faci- 
lities; they  should  ensure  the  Indispensable  links  with  the  universities 
and  technical  schools  and  should  contribute  to  spread  equitably  the  spin- 
offs (Intellectual  and  technical)  to  be  expected  from  the  central  facili- 
ties. 

In  this  discussion,  the  Industrial  participation  should  be  looked  at  care- 
fully. A  continuous  search  for  compromises  In  order  to  minimize  discrimi- 
nation and  Injustice  could  be  paralyzing.  Nevertheless,  balanced  solutions 
will  have  to  be  found  when  choosing  between  cost  effectiveness  and  Just 
return,  standardization  and  originality,  ... 

3.  Hew  many  high  energy  physicists  are  performing  research  In  Europe  and  how 
much  funding  Is  provided  for  high  energy  physics  research? 

Two  surveys  of  the  high  energy  physics  community  In  Europe  have  been  made 
by  ECFA  In  1978  and  1985,  respectively.  It  was  found  that  over  this  period 
both  the  size  and  the  composition  (experimentalists,  theoreticians,  Ph.D. 
students,  ...)  of  the  community  were  quite  stable.  The  figures  for  1985 
are  as  fol  lows: 


Regarding  the  funding  provided  for  high  energy  physics  In  1  985,  the  follow- 
ing figures  were  given  tome  by  to-.  C.  Roche  who  Is  compiling  this  Informa- 
tion for  CERN  since  many  years. 


Experiment 


Theory 


2000  ~  1 1 00 

(which      2#  are  Ph.D.  students) 
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Member  States  contributions  to  CERN;    700  M  Swiss  Francs 
National  Expenditures  of  all  J4ember  States;    600  M  Swl-s  Francs 

These  figures  Include  salaries  and  overhead. 

4.     What  would  be  the  best  worldwide  configuration  of  high  energy  physics  faci- 
lities free  the  point  of  view  of  science?    How  might  this  best  be  deter- 


As  stated  previously  (see  answer  no.  1)  various  types  of  super  colliding 
bean  machines  which  could  give  us  access  to  a  new  mass  scale  are  presently 
considered  to  be  the  future  basic  Instruments  for  high  energy  physics. 
Some  of  these  machines  are  based  on  welt  understood  physics  principles 
(e.g.,  the  hadron-hadron  colliders)  whilst  others  are  still  In  the  R&D 
stages  (such  as  the  electron  linear  colliders).  However,  this  Is  no,  the 
oniy  element  which  prevents  us  from  defining  today  the  best  world-wide 
future  configuration  of  high  energy  physics  facilities.  Indeed,  the 
physics  results  from  the  present  generation  of  accelerators  as  well  as 
further  theoretical  developments  will  be  essential  Inputs  to  this  decision 
making  process.  From  the  economical  viewpoint,  complementarity  and  cost 
effectiveness  should  be  taken  Into  account  seriously  In  defining  our  qlobat 
strategy. 

Please  allow  for  some  flexibility  to  accommodate  the  unexpected. 

5.  Should  some  or  all  future  "big  science"  facilities  be  developed  on  the 
basts  of  International  cooperation? 

International  cooperation  In  the  development  of  "big  science"  fact  It  ties 
should  be  driven  by  both  scientific  and  economic  moilvatlons.  It  should 
not  be  Improvised,  but  It  should  be  prepared  long  beforehand  and  planned 
very  carefully.  In  high  energy  physics  It  has  started  since  a  long  time 
and  has  developed  progressively  to  the  present  level.  There  Is  no  doubt 
that  this  cooperation  has  proved  to  be  extremely  beneficial  to  our  field. 
Some  national  programmes  had,  however,  to  be  abandoned  but  the  expertise, 
the  knew-hew  w*re  at  that  time  already  well  distributed  among  the  various 
participating  countries  allowing  for  an  efficient  exploitation  of  the  cen- 
tral facilities. 

6.  What  Is  the  trend  of  International  collaboration  In  high  energy  physics? 
Is  It  Increasing,  decreasing  or  remaining  relatively  constant? 

Undoubtedly  -ihe  trend  of  International  collaboration  In  high  energy  physics 
Is  increasing  primarily  as  a  result  of  the  Increased  complexity  and  cost  of 
the  apparatus  needed  (accelerators  and  detectors).  The  efficient  exploita- 
tion of  sophisticated  facilities  Imposes  the  pooling  of  resources:  man- 
power, material  and  money.  Also  the  availability  of  more  and  more  effi- 
cient computer  links  and  networks  makes  It  easier  to  exploit  central 
facilities  remotely,  even  by  small  groups. 


109 


7.  What  factors  (a)  facilitate  or  (b)  Inhibit  International  cooperation  In 
high  energy  physics? 

As  stated  above,  International  ccl laboratlon  In  high  energy  physics  has 
been  driven  by  the  necessity  of  pool'ng  resources  to  build  and  exploit  the 
tools  Indispensable  to  develop  our  field.  The  resulting  big  facilities 
constitute  a  pole  of  attraction  for  all  those  wishing  to  share  the  Intel- 
lectual skill  and  the  first  class  technological  expertise  which  are  concen- 
trated there.  Once  such  a  process  Is  Initiated,  It  keeps  up  and  even  de- 
velops as  a  rolling  snowball.  International  cooperation  Is  for  us  common 
practice  which  will  surely  be  facilitated  by  the  recent  developments  of 
computer  communication  networks.  The  experience  of  working  In  such  a  frame 
provides  also  an  Insight  Into  personnel  and  organizational  matter*  which  Is 
frequently  lacking  In  scientific  personnel  trained  In  other  disciplines. 

Various  factors  may  however  contribute  to  Inhibit  this  collaboration,  of 
which  I  would  like  to  mention: 

I)  sociological  and  administrative  obstacles  (language  problems,  admission 
formalities  In  the  host  country,  Integration  of  the  family  —  schools, 
work  permits  — ,  regulations  governing  the  International  transfer  of 
sclent! flc  equipment,  ...) 

II)     geographical    location  of   the  facilities   (distances,  communications, 
possibilities  of  dally  commutation,  ...) 

Ill)     lack  of  traveling  funds  (European  high  level  of  air  fares  has  Inflated 
travel  expenditure) 

Iv)     International   PTT  tariffs  and   lock  of  standardization  for  computer 
communications. 

8*  Does  the  rest  of  the  worldwide  high  energy  physics  community  agree  with  the 
U.S.  high  energy  physics  community  -that  the  Superconducting  Super  Collider 
or  a  slallor  facility  Is  the  highest  priority? 

We  knew  "that  one  clear  need  has  emerged  from  our  present  studies  which  wll' 
not  be  met  by  "the  accelerators  new  under  construction.  This  Is  the  re- 
quirement to  Increase  the  energy  range  available  for  high  mass  particle 
production.  Large  hadron  colliders,  such  as  the  SSC,  are  privileged  can- 
didates In  -this  race.  Being  based  on  "classical"  concepts,  their  realiza- 
tion Is  essentially  dependent  of  our  ability  to  mass  produce  medium  or, 
more  challenging,  high  field  superconducting  magnets.  Hadrons  are  compos- 
ite particles  matj  up  of  bound  quarks  and  the  results  obtained  from  high 
energy  hadron-hadron  collisions  should  be  valuably  complemented  by  those 
from  similar  studies  with  structureless  particles  such  as  elec+rons  and 
positrons.  Unfortunately,  for  the  time  being,  technical  limitations  pre- 
vent us  to  efficiently  accelerate  electrons  up  to  the  needed  energies, 
i-^rge  electron  linear  colliders  are  presently  under  study  but  an  Intensive 
R&D  program  would  be  required  (ond  should  be  pushed)  to  convince  the  com- 
munity of  "the  technlcol  feoslblllty  0f  these  mochlnes. 
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10. 


What  does  Norld  leadership*  In  high  energy  physics  neon?  What  particular 
benefits  accrue  to  the  Norld  leader"  versus  M number  two"? 

Why  should  national  policy  makers  care  whether  or  not  the  nation  Is  first, 
second  or  third  In  high  energy  physics  research? 

At  the  occasion  of  a  discussion  of  the  future  prospect  for  Interregional 
collaboration,  I  will  refrain  from  polemizing  about  the  meaning  of  "world 
leadership". 

Are  -Hie  experiences  of  International  cooperation  In  high  energy  physics 
d'rectly  applicable  to  other  fields  of  science?  What  lessons  My  be 
learned?  ' 

International  cooperation  in  high  energy  physics  Is  going  on  since  a  long 
time  in  detector  design,  construction,  testing  and  exploitation.  Also  the 
collaborative  exploitation  of  various  accelerators  Is  a  common  practice. 
At  variance,  high  energy  physicists  have  still  ilttle  experience  In  cost 
sharing  and  cooperating  In  the  construction  of  accelerators  (apart  frcm 
expertise  exchange)  and  It  might  be  that  this  would  prove  to  be  a  more 
delicate  exercise.  Usually  a  big  detector  Is  built,  run  and  exploited  In 
common  by  the  same  partners.  In  the  case  of  the  accelerator  (I  am  refer- 
ring to  the  case  of  HERA  at  DESY),  various  components  built  In  local  In- 
dustries will  be  assembled  In  tho  host  laboratory.  The  machine  will  be  run 
under  the  responsibility  of  the  host  laboratory  for  the  benefit  of  a  large 
variety  of  users.  Moreover,  whilst  a  detector  can  be  considered  as  a  com- 
bination of  various  (more  or  less)  Independent  modules,  an  accelerator 
works  as  a  whole,  most  of  Its  components  being  fully  Integrated  In  the 
complete  system.  in  case  of  difficulty,  the  definition  of  responsibility 
might  become  a  delicate  exercise. 

This  example  shews  that  in  our  own  field,  different  modes  of  cooperation 
exist.  One  should  thus  be  cautious  In  directly  extrapolating  our  experien- 
ces to  other  fields  of  science  without  a  careful  analysis  of  the  specific 
needs. 
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Written  Response  to  HST  Questions 
Concerning  Internationa)  Cooperation  in 
High  Energy  Physics 

B.  D.  McDanlel 

June  20, 1985 

!.  What  fs  the  future  prospect  for  the  International  cost-sharing  of  the 
next  generation  of  high  energy  physics  facilities,  both  In  terms  of 
construction  and  operation? 

While  there  Is  generally  good  International  collaboration  In  the  use  of 
high  energy  physics  experimental  facilities  and  the  CERN  laboratory 
has  been  established  as  an  international  collaboration  of  the  European 
region,  the  prospects  of  International  collaboration  between  regions 
for  sharing  construction  and  operational  costs  are  not  very  optimistic 
for  the  near  future.  Both  Europe  and  Japan  are  very  heavily  committed 
at  the  present  time  to  construction  programs.  At  their  current  level 
of  funding  It  will  be  several  years  before  significant  funds  will 
become  available  for  these  countries  to  support  any  major  program  of 
international  collaboration  on  constructloa  It  should  be  pointed  out 
that  the  current  level  of  support  for  high  energy  physics  In  Europe 
when  measured  In  terms  of  the  gross  national  product  Is  already 
about  twice  that  of  the  United  States.  If  one  Is  to  expect  significant 
contributions  to  a  new  major  collaborative  program,  It  is  difficult  to 
see  how  this  could  be  accomplished  without  a  joint  decision  by  our 
President  and  the  foreign  chiefs  of  government  with  substantial 
increases  In  resources  becoming  available  from  foreign  sources  for 
this  field  of  activity. 

With  regard  to  the  question  of  collaboration  in  support  of  operating 
costs  the  ICFA  agreements,  which  are  uniformly  accepted  by  all 
regions,  state  that  the  regional  laboratory  facilities  should  be  made 
available  to  all  Investigators  without  cost,  subject  only  to  the 
scientific  evaluation  of  the  proposal.  The  statement  of  this  principle 
Is  given  In  full  In  Attachment  II  of  my  written  testimony  submitted 
on  April  25,  1985.  The  agreement  on  this  principle  was  In  Itself  a 
major  achievement  of  the  ICFA  group  and  a  major  step  In 
International  cooperation.  To  now  ask  for  cooperation  In  supporting 
operating  expenses  would  be  a  backward  step.  In  the  full  statement, 
there  Is  recognition  that  there  may  develop  some  unbalance  In  the 
International  program  and  that  special  considerations  may  be  given  to 
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compensate  for  this  unbalance.  While  some  method  of  sharing 
operating  costs  could  be  developed,  except  In  a  condition  of  major 
unbalance,  It  would  appear  that  the  organizational  efforts  required  to 
work  out  a  detailed  sharing  scheme  would  exceed  the  value. 

In  the  case  of  the  regional  facility  of  CERN,  we  have  an  example  of 
International  cooperation  among  the  CERN  member  states  both  In  the 
construction  and  operation  of  accelerators,  in  principle  this  model 
could  be  extrapolated  to  a  world-wide  basis.  There  are,  however, 
several  factors  which  affect  the  desirability  of  making  such  an 
effort.  It  has  become  recognized  that  the  field  needs  complementary 
accelerators,  e.g.,  hadron-hadron  collider,  electron-positron  collider, 
and  electron-proton  collider.  While  in  principle  these  might  all  be 
constructed  under  a  common  management  scheme  and  perhaps  located 
in  different  regions,  the  economic  advantage  of  such  an  arrangement 
is  negligible  except  In  the  sense  of  "load  leveling"  for  the  countries 
Involved.  Such  a  centralized  organizational  arrangement  might  also 
reduce  the  regional  competitive  incentive  which  plays  such  an 
Important  role  In  the  advancement  of  the  field,  it  is  anticipated  that 
many  years  would  be  required  to  establish  such  a  broad  international 
cooperation  and  would,  In  the  meantime,  delay  progress  in  the  field. 

2.  What  are  (a)  the  advantages  and  (b)  the  disadvantages  of  sharing  the 
cost  of  big  science  facilities  on  an  international  basis? 

a.  Advantages:  If  one  starts  from  the  premise  that  more  than  one  type  of 
facility  Is  required  and  that  redundant  facilities  will  not  be  built  In 
any  case,  the  principal  advantage  of  sharing  the  cost  of  facilities  on 
an  international  basis  Is  to  smooth  out  the  variation  of  financial  load 
on  a  given  country  while  construction  is  being  carried  on  in  that 
country.  As  long  as  there  is  no  redundancy  and  the  same  world-wide 
program  is  to  be  carried  out,  averaged  over  a  long  period  of  time, 
there  will  be  no  net  saving  for  any  individual  region  of  the  world.  Of 
course  If  the  burden  can  be  shared  among  other  countries  which  are 
not  currently  supporting  such  programs,  this  would  lessen  the  burden 
on  the  others. 
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b.  Disadvantages:  Considering  first  the  sharing  of  construction  costs, 
one  of  the  most  difficult  aspects  Is  the  organizational  problem.  In 
order  to  initiate  such  an  effort  many  years  of  negotiation  at  the 
highest  governmental  levels  will  be  involved.  Such  negotiations  are 
made  difficult  because  of  nationalistic  pride  and  the  nature  of  the 
long  term  commitments  which  are  necessary.  When  newjnltlatives 
are* required,  the  flexibility  if,  dealing  with  such  matters  Is  reduced 
because  of  the  necessity  of  obtaining  agreement  among  all  the 
members.  One  w?y  to  avoid  such  delaying  difficulties  is  for  one 
nation  to  commit  itself  to  a  major  project  and  then  to  seek 
supplementary  support  from  other  nations  or  region.  In  such  a  plan, 
of  course,  the  lead  nation  sutfers  from  a  weak  negotiating  positioa 

Considering  the  sharing  of  operational  costs,  If  the  faculties  are 
relatively  well  balanced  between  regions,  there  Is  no  net  advantage  of 
sharing  operational  costs.  The  difficulties  In  budget  management 
will  be  much  increased  and  will  require  considerable  negotiation  to 
provide  a  satisfactory  operating  mode.  Furthermore,  If  qualified 
scientists  from  non-contributing  poorer  nations  are  excluded  from 
the  use  of  the  facilities,  the  quality  of  the  science  will  suffer. 


What  would  be  the  best  worldwide  configuration  of  high  energy  physics 
facilities  from  the  point  of  view  of  science7  How  might  this  best  be 
determined? 

Speaking  In  general  terms,  one  would  avoid  construction  of  redundant 
facilities  and  schedule  complementary  front-line  facilities  with  one 
major  facility  In  each  major  region,  perhaps  two  jr  three  In  all. 
Speaking  more  specifically  In  the  context  of  the  current  situation,  the 
phasing  is  appropriate  for  a  major  hadron  collider  such  as  the  SSC  to 
be  built  In  '2  U.S.  By  the  mid  1990*s  Europe  will  have  recently 
completed  two  major  facilities  (LEP  and  HERA)  while  the 
opportunities  In  the  U.S.  will  be  seriously  dlmln'shed.  It  Is 
appropriate  therefore  that  the  next  major  facility  be  the  SSC  hadron 
collider  in  the  U.S.  To  have  the  facility  available  at  that  time  will 
require  starting  of  construction  at  a  very  early  date.  The  next 
machine  after  that  might  be  an  e*e-  collider  perhaps  to  be  built  In 
Europe  or  Japan  after  adequate  research  and  development  has  been 
performed  to  make  this  possible 
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While  it  might  appear  that  a  closely  coordinated  plan  for  world-wide 
physics  would  be  Ihe  best  way  to  proceed,  this  has  the  danger  of  too 
close  regulation  of  activities  and  the  hazard  of  excluding  innovative 
ideas.  By  having  the  possibility  of  independent  initiatives,  new  ideas 
may  develop  and  be  executed  and  lead  to  better  science  opportunities. 
It  seems"  that  perhaps  the  test  mode  is  to  maintain  close 
communication  with  the  several  active  regions  in  an  attempt  to  avoid 
redundancy  and  plan  an  international  strategy  without  enforced 
discipline.  At  the  present  time,  there  are  three  major  regions  of 
activity  and  there  are  at  least  three  major  types  of  facilities 
required  to  address  the  questions  of  high  energy  physics.  It  is 
reasonable  that  each  of  the  regions  provide  one  of  these  facilities. 
From  time  to  time,  over  many  years,  this  configuration  will  of  course 
change.  A  strong  and  active  forum  for  such  discussion  and  planning 
should  be  provided.  At  the  present  t!me,  ICFA  could  in  principle 
provide  such  a  forum;  however,  to  really  do  its  job,  it  needs  to  be 
strengthened  and  to  be  recognized  as  an  important  body  at  high 
governmental  levels  by  the  participating  nations. 

4  Should  some  or  all  future  "big  science'*  facilities  be  developed  on  the 
basis  of  international  cooperation? 

Perhaps  the  day  will  come  when  one  particular  facility  of  enormous 
magnitude  will  be  required  in  order  to  make  further  advancement  in  a 
field  of  science.  When  such  a  facility  is  recognized  as  being  uniquely 
required  and  of  such  magnitude  that  national  or  regional  funding 
sources  are  clearly  inadequate  to  accomplish  the  goal,  then  the  effort 
should  be  organized  on  an  international  basis.  As  long  as 
complementary  attacks  on  the  goals  of  the  field  are  possible  and  can 
be  accomplished  within  the  financial  resources  of  national  or  regional 
nr^.ure,  It  seems  desirable  to  coordinate  the  activities  between 
regions  but  maintain  independent  efforts.  This  will  enhance  the 
competitiveness  of  the  field,  a  force  which  drives  the  science.  Of 
course,  redundancy  in  the  construction  of  very  large  facilities  should 
be  avoided. 
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5.  What  Is  the  trend  of  International  collaboration  in  high  energy 
physics?  Is  It  Increasing,  decreasing  or  remaining  relatively 
constant 

Collaboration  seems  to  be  Increasing  as  evidenced  by  the 
participation  of  several  nations  In  the  construction  efforts  for  the 
HERA  machine  at  DESY.  Though  In  the  past  there  have  been  a  few 
efforts  by  various  countries  to  supply  particular  elements  of 
hardware  to  an  accelerator  facility,  the  contributions  being  made  to 
HERA  are  on  a  much  larger  scale  than  such  previous  efforts.  In  recent 
years  there  have  of  course  been  large  contributions  by  various 
national  collaborators  to  the  construction  of  large  detection 
facilities  and  this  activity  has  increased  as  these  facilities  have 
become  larger. 

6.  What  attributes  of  high  energy  physics  make  international  cooperation 
easy  to  achieve  or  difficult  to  achieve? 

Because  of  the  nature  of  a  pure  science  there  Is  no  pressure  to 
maintain  secrecy  or  to  struggle  for  any  financial  gain.  It  Is  a  hiqhly 
competitive  field,  but  the  interest  In  pure  scientific  achievement 
dominates  and  makes  ft  easy  to  establish  collaborations. 

One  significant  deterrent  to  scientific  collaboration  Is  the 
complication  and  delay  that  may  arise  in  a  multinational  effort  The 
difficulties  include  communication  and  travel  problems,  but  also,  in 
any  large  effort,  include  negotiations  at  high  governmental  levels. 
Such  negotiations  are  likely  to  lead  to  large  delays  in  the  program. 
There  Is  a  major  factor  which  makes  collaboration  difficult  and  it  Is 
the  nationalistic  pride  and  desire  to  be  scientifically  dominant  in  the 
field  Such  attitudes  of  course  are  reinforced  In  many  cases  by  the 
national  political  interests. 

7.  Has  there  been  an  overinvestment  or  underinvestment  in  high  energy 
physics  relative  to  other  subflelds  of  physics  or  other  disciplines? 
How  can  the  appropriate  levels  of  investment  in  different  subflelds  or 
disciplines  best  he  determined? 

I  believe  there  Is  no  quantitative  way  to  answer  this  question  because 
It  Is  so  subjective.  There  are,  however,  some  Important 
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principles  Because  of  its  intellectual  nature,  there  Is  Mttle  "pay  off" 
for  engaging  In  high  energy  physics  unless  occasionally  one  Is  able  to 
make  a  frontier  discovery,  thus  if  one  is  to  compete  in  this  activity 
one  should  do  so  at  a  productive  level.  The  competitive  aspect 
ensures  and  stimulates  a  high  quality  of  activity  In  the  field.  It 
seems  clear  that  a  reasonable  balance  should  be  maintained  between 
the  various  fields  of  science  since  they  Interact  and  mutually 
strengthen  each  other.  The  measure  of  whether  there  is 
overinvestment  or  underinvestment  In  high  nergy  physics  seems  to 
revolve  around  the  question  of  whether  we  are  able  to  maintain  a 
competitive  position  in  the  field.  I  believe  that  we  are  now  just 
barely  maintaining  a  competitive  position  in  high  energy  physics  and 
that  we  must  make  sire  that  we  do  not  drop  out  of  the  competition 

8.  What  factors  either  (a)  facilitate  or  (b)  Inhibit  International 
cooperation  In  high  energy  physics? 

Because  It  is  a  field  of  pure  science  without  military  or  commercial 
applications,  open  communication  exists.  This  facilitates 
cooperation  The  state  of  International  political  relations  can  either 
facilitate  or  Inhibit  the  cooperation  This  has  been  clearly  shown  in 
recent  years  In  the  case  of  collaboration  with  the  USSR.  The 
availability  of  complementary  capabilities  or  resources  may 
facilitate  the  cooperation  Bureaucratic  import  and  immigration 
controls  may  needlessly  and  severely  Inhibit  International 
cooperation  Cost  of  travel  is  of  course  also  an  Inhibition 

9.  Will  spending  of  national  funds  on  international  facilities  be  to  th* 
detriment  of  national  laboratories?  What  Is  the  appropriate  level  of 
funding  or  national  research  efforts  versus  International  efforts  and 
how  should  these  efforts  be  determined? 

If,  In  the  long  run,  an  appropriate  "balance  of  trade"  Is  not  maintained 
In  the  field,  the  national  laboratories  will  suffer.  The  Instantaneous 
ratio  of  foreign  to  domestic  spending  may  not  be  greatly  Important 
provided  a  strong  and  competitive  domestic  facility  program  is 
maintained  I  believe  that  a  very  competitive  domestic  facility 
program  Is  essential  to  maintaining  the  long  term  viability  of  the 
national  effort  in  the  field  I  would  estimate  that  the  present  ratio 
of  spending  on  foreign  efforts  is  at  a  reasonable  level  and  should  be 
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maintained  provided  the  reciprocal  balance  by  other  nations  Is  also 
provided.  HEPAP  appears  to  be  the  appropriate  organization  to  make 
recommendations  to  the  Department  of  Energy  on  this  subject. 

10.  What  does  "world  leadership"  In  high  energy  physics  mean?  What 
partlcula^benef  Its  accrue  to  the  "world  leader"  versus  "number  two"? 
Why  should  national  policy  makers  care  whether  or  not  the  nation  Is 
first,  second,  or  third  In  high  energy  physics  research? 

There  are  always  a  few  select  and  very  important  frontier  discoveries 
to  be  made  at  any  given  time.  The  laboratory  and  nation  which 
provides  the  facilities  for  such  discoveries  Is  largely  given  the 
credit  for  such  discoveries.  World  leadership  means  then  that  a 
particular  laboratory  or  nation  leads  the  world  In  providing  the 
facilities  for  such  discoveries,  the  Importance  of  such  a  lead  Is  a 
matter  of  national  prestige,  both  to  members  of  the  field  and  to  the 
government  For  many  years  the  field  of  high  energy  physics  has  been 
recognized  by  many  of  the  governments  of  the  world  as  a  field  of  high 
Intellectual  pursuit;  leadership  In  this  field  contributes  to  the 
broader  national  prestige.  The  reason  for  this  is  quite  clear.  We  have 
seen  throughout  the  history  of  mankind  that  knowledge  acquired 
through  basic  research  has  ultimately  always  yielded  results  out  of 
proportion  to  the  Investment.  We  have  observed  this  with  regard  to 
electromagnetlsm,  atomic  physics,  nuclear  physics,  condensed  matter 
physics,  and  In  many  other  fields,  in  high  energy  physics  one  of  the 
difficulties  with  the  number  two  or  three  position  is  that  if  a  n?tfon 
is  consistently  in  this  position,  ft  means  that  ft  does  not  contribute 
to  the*  cuttfng  edge  of  the  field.  The  payoff  fs  in  being  competitive. 
Being  number  two  by  turns  fs  not  so  bad,  but  being  always  In  such  a 
position  will  Inhibit  the  domestic  Interest  In  the  field.  Loss  of  such 
an  Interest  will  be  to  detriment  of  the  overall  prestige  of  the  nation 
and  will  lead  to  the  eventual  decline  of  the  field. 

11.  Are  the  experiences  of  International  cooperation  In  high  energy 
physics  directly  applicable  to  other  fields  of  science?  What  lessons 
may  be  learned. 

It  would  appear  that  these  experiences  might  be  directly  applicable  to 
certain  fields,  e.g.,  radio  astronomy,  space  telescopes  and  space  labs, 
and  other  fields  where  highly  sophisticated  and  expensive  facilities 

are  required  in  an  intellectual  pursuit  and  which  at  the  same  time  are 
not  directly  and  heavily  Involved  In  application  and  commercial 
enterprise.  However,  as  In  high  energy  physics,  It  Is  Important  that 
there  be  a  good  "balance  of  trade"  in  so  far  as  domestic  versus  foreign 
use  is  concerned  In  order  to  maintain  a  high  Interest  In  the  field 
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APPENDIX  2 
Discussants'  Questions  and  Answers  for  the  Record 
questions  and  answers  for  he  record 

Or.  Leon  H.  Lederman 

1.     Hhat  Is  the  future  prospect  for  the  International  cost-sharing  0f  the  next 
g^nera^n^hlgh  energy  physics  facilities,  both  In  teres  of  construction 

Here  the  new  ground  Is  In  construction  of  nor  facilities  and  their  opera- 
ton.  There  Is  very  little  question  but  that  cost  sharing  In  the  construc- 
tion of  large  detectors  will  Indeed  take  place.  The  substantial  players 
are  Western  Europe,  Japan  and  collectively,  "others"  by  which  I  mean 
Canada,  Maxlco,  Brazil,  Argentina,  China,  Taiwan,  Korea,  Singapore,  India. 

\i*]Ll*?*r  "^nr  I  list  nations  that  have  substantial  sclen- 
I  !  J.n.  f  ^C  8nd  so",e  activity  In  high  energy  physics.  For  exam- 
Laboratory  h8Vft  S°roe  Kfl  vI1y  8t  ^e  FftrwI  National  Accelerator 

I  believe  It  Is  quite  feasible  and  even  likely  that  there  can  be  substan- 
tial Involvement  on  the  part  of  Japan,  Western  Europe  and  the  others  If 
there  Is  wisdom  on  the  part  of  the  U.S.  In  setting  an  appropriate  strategy. 
This  must  be  based  upon  the  separate  sensitivities  of  each  of  the  Indlvld- 
v^^jZii^^S  ZuT:  8  reC<*n,+,0n  °<  »u™  -van**,.  Sane 

Sfn^liS!?  l\]nJ?*  n,dS+  °f  8  m8jor  wilding  program  with  LEP,  HERA 
ufj       i2E   I    t^    Ko,esJ:lm8^  *•  cost  at  about  $2  billion. 

These  projects  should  be  complete  by  about  1990  and.  In  principle,  Europe 
*2Gn  con,trlb"+B  "anfeare  for  the  SSC  at  the  level  of,  say,  $100  mil- 
lion per  year  for  four  years  or  so.    This  would   represent  about  a  third  of 
The  h^^M  *?  ^  *'  '"P1™*8"*  over  the  pr«X!s  six  yearl! 

d^l^rt  ?nWrUld  °f  0<lurJ*t  b0  ,n  components  for  the  accelerator  and 
♦eI?£T  ?  .  /U,iT  *nd  dAl,vored  10  ssc  Project.  (In  these  es- 
timates we  Include  labor  costs  which  are  traditionally  "understood"  In 

^'.f" "  laterally  and  produce  a  completed  machine  by  1994-5,  It  Is 
marine  Ii£  JU£??  "  ^IS.  8t+ernat|ve,  e.g.,  LHC,  I.e.,  a  smaller 
?«£  E  Wl?  n"?  l^LS°c,^n+,f,c  Poten+^»  'or  the  LEP  tunnel.  If,  m 
ISmr*1*  U*S"  !f^J¥  l00ktn9  a00*  Politically,  offered  to  share 
S  m8n?9flffien+         EuroP**  It  Is  my  personal  opinion  that  enough 

sc  entlsts  would  support  this  and,  surely,  the  European  governments  would 
^ir^L^  ^!.TJftSS'  *e  58,88  comments  apply  to  Japan  although 
there  Is  more  sensitivity  there  to  pressure.  On  the  other  hand,  Japanese 
Industry  seems  extremely  eager  to  share  In  the  technological  spin-offs  end 
would  be  a  strong  positive  contributing  factor. 
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Canada,  a  very  active  country  In  HEP,  would  follow  If  SSC  new  looked  like 
the  focus  of  the  next  step  In  HEP.  Each  of  the  other  countries  has  Indi- 
vidual problems,  but  the  lure  of  an  experimental  counter,  where  young 
scientists  can  be  trained  In  the  practice  of  large  science  with  Its  associ- 
ated technologies,  would  be  very  strong.  Whereas  seme  of  these  countries 
are  exploding  In  technological  manufacture,  others  are  burdened  by  large 
debts  but  much  can  change  In  ten  years.  The  Importance  of  advanced  educa- 
tion and  a  scl entl  f  Ic  base  to  gradual  I y  make  the  trans!  tlon  from  a 
high-tech  labor  pool  Is  widely  recognized.  The  SSC  In  the  U.S.  can  easily 
be  visualized  as  a  world  center  of  research  and  the  very  nature  of  the 
objective:  abstract,  basic  knowledge,  would  do  much  to  make  this  practi- 
cal. 

When  It  comes  to  cost*-sherlng  In  the  construction  of  the  facility  and  Its 
detectors,  we  always  mean  that  the  contribution  wl 1 1  be  In  manufactured  and 
non-manufactured  materials,  rather  than  In  transfer  of  funds. 

What  are  (a)  the  advantages  and  (b)  the  disadvantages  of  sharing  the  cost 
of  big  science  feci  1 1  tie  on  an  International  basis? 

In  the  scenario  outlined  above,  one  could  expect  a  reduction  of  cost  to  the 
U.S.  taxpayer  of  the  order  of  10-30JS  where  the  upper  limit  Is  probably  too 
optimistic.  Thus,  for  jxample.  If  tha  over a 1 1  total  project  cost.  Includ- 
ing detectors,  is  54  billion,  one  could  perhaps  expect,  say,  $600  million 
to  be  contributed,  a  substantial  sun I 

Additional  advantage  coses  from  the  availability  of  technical  experts,  an 
exceedingly  rare  commodity.  Characteristic  practice  In  the  U.S.  results  In 
a  very  large  workload  for  a  small  nunber  of  available  experts.  Europe 
generally  has  a  much  greater  depth  In  their  coverage  of  design,  construc- 
tion and  operating  tasks  by  key  people. 

The  disadvantage  comes  from  three  sources:  (1)  Increased  bureaucratic 
problems,  e.g.,  treaties,  formal  agreements,  protocols  all  In  a  climate  of 
Increasing  controls  on  technology  transfer,  etc.;  (2)  Increased  difficulty 
In  decision  making  that  will  come  from  shared  management  responsibilities; 
(3)  decisions  that  arise  from  hew  Industry  profit  from  the  advanced  tech- 
nology tasks  associated  with  new  accelerators.  Should  -fhese  be  shared? 
Should  all  countries  Involved  be  permitted  to  bid?  The  U.S.  must  clearly 
decide  whether  It  wants  to  keep  the  Industrial  action  to  Itself  or  not. 
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3.  What  would  be  the  best  worldwide  configuration  of  high  energy  physics  faci- 
lities frow  the  point  of  view  of  science?  How  «lght  this  best  be  deter- 
Mined? 

Here  JLs  A  ISfii  Snapshot; 
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Should  sane  or  all  future  "big  science*  facilities  be  developed  on  the 
basts  of  International  cooperation? 

My  response  Is  that  there  are  three  possible  modes  for  International  col- 
laboration: 

A.  Present  mode:  Country  or  region  builds  facility,  ail  regions  are 
welcome  to  use  It. 

B.  «HERA"  mode:  Country  or  region  takes  leadership  In  building  fa- 
cility but  Invites  International  participation.  Thus,  the 
Canadians,  Italians  and  Dutch  are  bringing  parts  to  HERA. 

C.  Full  scale  collaboration  under  International  management,  treaties, 
etc. 

Mode  A:  Optimizes  efficiency,  technology  transfer  advantage,  scientific 
prestige  but  maximizes  cost  to  the  host  nation  and  reduces  access 
to  world-wide  science  and  engineering  talent  and  Ideas. 

Mode  B:  Reduced  cost  to  host  (10-20*?),  but  retains  fair  efficiency,  tech- 
nology transfer,  prestige,  etc. 

Mode  C:  Minimizes  cost  to  host  and  maximizes  access  to  talent  at  the  ex- 
pense of  Increased  bureaucratic  Inefficiency,  delays.  Instability 
(eg.,  UK  and  CERN) •  The  total  cost  of  the  project  will  clearly 
Increase  from  A  to  C. 

I  be!  I  eve  we  must  treat  ttblg  science"  I.e.  central,  shared  facility,  on  a 
case-by-case  bas.s.  Mode  B  would  be  the  Ideal  arrangement  especially  since 
It  can  be  tuned  towards  A  or  C.  We  must  be  aware  of  the  fact  that  big 
science,  excluding  space.  Is  still  only  a  small  part  of  our  $8-10  blhlon 
baste  research  budget;  a  nation  or  region  with  confidence  In  Its  own  future 
may  very  well  want  to  forge  ahead  without  the  obvious  complications  of 
International  treaties.  In  this  case  Mode  A,  which  Insures  collaboration 
In  the  exploitation  of  facilities.  Is  the  mode  of  choice.  This  does  not 
Imply  that  Mode  C  will  not  have  Its  time.  The  cost  sharing  feature  will 
very  likely  outweigh  the  Increased  costs  due  to  management  complexity  and, 
at  seme  time,  may  be  the  crucial  element.  The  World  Laboratory  Is  an  im- 
possible dreamtt  which  will  someday  bp  realized. 

W»at  Is  the  trend  of  International  col  laceration  In  high  energy  physics? 
Is  It  Increasing,  decreasing  or  remaining  relatively  constant? 

This  Is  definitely  Increasing.  Approximately  M)0  U.S.  high  energy  physi- 
cists are  now  committed  to  experiments  In  Europe  and  Japan.  Major  roles 
are  being  played  In  the  LEP  and  TRISTAN  machines.  European  and  Japanese 
scientists  are  very  active  In  the  TEYA7R0N  program.  HERA  Is  being  built  by 
collaboration  (see  above).  ICFA  maintains  active  discussions  and  workshops 
on  future  facilities. 

What  attributes  of  high  energy  physics  wake  International  cooperation  easy 
to  achieve? 

Does  the  field  have  attributes  that  wake  International  cooperation  diffi- 
cult? 
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Practice"  Is  the  obvious  attribute.  HMh  energy  physics  may  be  said  to 
have  been  founded  after  WWII.  But  high  energy  physics  Is  simply  a  continu- 
ation, by  a  new  name,  of  a  concern  for  the  fundamental  laws  of  nature  and 
it  can  call  on  a  tradition  of  Internationalism  that  goes  back  400  years. 
Perhaps  the  scarcity  of  genius  made  science  Tgnore  national  boundaries  In 
search  of  kindred  minds  engaged  In  similar  fascinations. 

Modern  developments  which  have  Increasingly  required  shared  facilities  of 
even  greater  complexity  again  point  to  International  collaboration.  Just 
as  universities  In  the  U.S.  resorted  to  ever  larger  consortia  to  manage 
national  facilities,  European  countries  banded  together  ln~1950  to  organ- 
i  I  !"  1975  '  811  8Ct,ve  co™*1*51  organized  themselves  Into  ICFA, 

International  Committee  on  Future  Accelerators.  The  motivation  II  lustrates 
the  attributes:  to  plan  for  the  eventuality  of  a  world  laboratory.  Ten 
years  of  meetings  resulted  In  three  very  good  workshops  but  not  even  a 
vestige  of  agreement.    This  Illustrates  the  dark  side  of  ftode  C  (14). 

I  do  not  believe  the  field  of  HEP  has  any  specific  attributes  which  make 
International  collaboration  difficult,  with  the  exception,  common  to  all 
sciences,  that  the  practitioners  are  usually  professors  who  must  spend  some 
time  on  campus  with  their  students. 

7,  Has  there  been  an  overinvestment  or  underinvestment  In  high  energy  physics 
relative  to  other  subflelds  of  physics  or  other  disciplines?  How  can  the 
appropriate  levels  of  Investment  In  different  subflelds  on  disciplines  best 
be  determined? 

This  Is  difficult.  All  subflelds  of  physics  are  suffering  from  underin- 
vestment. It  would  require  the  wisdom  of  Solomon  to  examine  each  field 
1  \f.  CrlterTn  ,n  mlnd*  ^ose  criteria  would  Include  scientific 
opportunities,  the  quality  and  enthusiasm  of  new  entrants,  the  Influence  of 
the  sub  field  on  other  subflelds,  economic  and  societal  Implications,  long 
tern  history  of  the  field  as  an  Indicator  of  future  achievements,  relative 
costs,  etc.  Clearly  to  apply  this  would  be  a  prodigious  labor.  However 
one  could  put  weighting  factors  on  each  one  of  the  listed  criteria  and  come 
!h.+  H?<£  nu™rlcal  rating  to  compare  to  funding  level.  The  problem  Is 
that  different  subflelds  stress  different  criteria. 

8.  What  factors  either  (a)  facilitate  or  (b)  Inhibit  International  cooperation 
In  high  energy  physics?  K 

(a)  Facilitate 


(1)  Easy  communication,  computer  nelworks,  etc. 

(2)  Need  for  central,  shared  facilities 

(3)  Governmental  pressure,  i.e.,  budget  constraints 

(4)  Shortage  of  talented  scientists  and  enqlneers 

(5)  Tradition  M 
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(b)  inhibit 


(1)  Visa  and  customs  complications 

(2)  Technology  transfer  restrictions 

(3)  University  presence 

(4)  Nationalism 

(5)  Benefits  to  local    Indus-try  In  an  Increasingly  competitive  world 


9.  Will  spending  of  national  funds  on  International  foci I! ties  he  to  the 
detriment  of  national  laboratories?  What  Is  the  appropriate  level  of  fund* 
Ing  or  national  research  efforts  versus  International  efforts  and  how 
should  these  levels  be  determined? 

Not  necessarily  since  one  effect  of  Increased  International  collaboration 
will  be  to  convert  one  or* more  national  laboratories  to  partially  Interna- 
tional laboratories.  This  would  be  true  If  we  adopt  Mode  8  (question  4). 
Ultimately,  single  purpose  national  laboratories  or  the  HEP  components  of 
multipurpose  labs  will  be  reduced  in  scope  anyway  as  the  frontier  new  fa- 
cilities appear.  The  appropriate  funding  levels  for  national  vs.  Interna- 
tional labs  must  be  based  upon  the  science  mission  but  also  on  the  need  to 
keep  a  base  of  operations  in-natlon.  in  Europe,  each  CERN  member  state  has  t 
spent  about  as  much  In-country  as  1helr  CERN  dues.  In  the  early  years 
these  In-country  funds  supported  national  accelerator  laboratories.  Later, 
many  of  -these  closed  until  only  W.  Germany  maintains  Its  own  accelerator 
facility. 

As  we  face  a  future  of  dwindling  centers,  a  reasonable  guess  Is  that  the 
U.S.  would  want  to  keep  two  strong  facilities  (or  one  very  strong  one  and 
one  less  strong),  in  equilibrium,  foreign  contrlbtlons  to  U.S.  facilities 
would  about  equal  U.S.  contributions  to  foreign  facilities,  averaged  over  a 
sufficiently  long  period.  Looking  even  further  ahead,  a  world  laboratory 
situated  In  SHANGRI-LA  might  require  the  contributions  of  about  ha,  f  the 
HEP  budget  of  each  country  with  the  other  half  supporting  the  users  groups 
and  facilities  In-country. 

What  Is  of  great  concern  here  is  the  balance  of  exploitation  of  foreign 
facilities  vs.  national  facilities  In  the  present  mode.  Here,  scientific 
opportunities  and  minimization  of  duplicative  research  should  be  the  main 
criteria. 

10.  What  does  Norld  leadership"  In  high  energy  physics  Mean?  What  particular 
benefits  accrue  to  the  Nor  Id  leader*  versus  "nuaber  two"? 

Why  should  national  policy  makers  care  whether  or  not  the  nation  Is  first, 
second  or  third  In  high  energy  physics  research? 

The  U.S.  held  world  leadership  In  HEP  from  roughly  1950-1970.  Some  of  the 
best  and  brightest  of  foreign  scientists  emigrated  to  U.S.  universities  and 
greatly  enriched  the  scientific  strength  of  the  nation.  Our  exports  bal- 
ance was  heavily  nhlgh-techn  and  U.S.  technology  was  overwhelming.  The 
correlation  was  no  accident.  Great  scientists  attract  students  and  recruit 
potential  scientists. 
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Something  happened  about  1970  and  by  1975,  W.  Europe  was  spending  an  In- 
creasing fraction  of  their  GNP  on  basic  research  while  the  U.S.  fraction 
was  decreasing.  Leadership  passed  to  Europe  clearly  by  1980.  Japanese 
Investment  In  basic  research  also  Increased  substantially  In  this  period. 
No*,  there  Is  fierce  technological  competition  and  In  many  fields  we  have 
also  lost  our  technological  lead;  machine  tools,  tires,  computer  chips, 
specialty  steels,  exotic  alloys,  etc.  Again,  the  correlation  could  wel  I  be 
significant.  World  leadership  does  not  mean  dominance.  Competition  has 
always  been  an  Important  Ingredient  In  science  because  scientists  do  have 
human  traits.  Whereas  It  matters  little  If  the  UK  Is  not  a  world  leader  In 
an  Important  subfleld  of  science,  It  means  a  lot  If  the  U.S.  Is  number  1wo. 
High  energy  physics  la  the  cutting  edge.  A  direct  line  connects  today's 
leaders  hi  the  field  to  their  teachers  who  created  quantum  physics  and  the 
technological  revolution.  There  Is  a  lateral  and  symbolic  link  between 
leadership  In  this  particular  silence  and  leadership  In  world  affairs  -  It 
expresses  confidence  In  the  future  and  a  recognition  of  the  Importance  of 
culture  In  the  affairs  of  great  nations.  Witness  the  U.S.,  a  nation  whose 
decline  In  science  matches  well  against  Its  decline  In  will  and  In  In- 
fluence.   History  Is  replete  with  similar  examples. 

Are  the  experiences  of  International  cooperation  In  high  energy  physics 
directly  applicable  to  other  fields  of  se'ence?  What  lessons  May  be 
learned? 

That  HFP  Is  In  the  lead  here  Is  Illustrated  by  the  existence  of  CERN,  5 
consortium  of  eleven  European  nations  formed  literally  In  the  rubble  of 
WWII.  This  Is  without  doubt  ihfl  most  successful  International  laboratory, 
and  has  served  as  a  model  for  other  sciences.  We  should  note  that  the  U.S. 
was  Instrumental,  even  crucial,  In  the  Initiation  of  CERN.  U.S.  scientists 
and  engineers  contributed  their  greater  experience  In  the  years  1950-1960 
to  the  research  and  to  the  design  of  the  CERN  machines.  In  particular,  the 
Invention  of  strong  focussing  at  BNL  In  the  late  50's  was  Immediately  com- 
municated to  the  CERN  designers  and  had  a  crucial  effect  upon  the  design  of 
the  CERN  Proton  Synchrotron. 

Since  HEP  Is  the  prototypical  "Big  Science*1  subject,  the  user  mode  and 
central  shared  facilities  have  been  operative  with  Increasing  tercpo  since 
the  early  50's.  This  has  dlready  had  a  big  effect  uoon  nuclear  science, 
oceanography  and  other  sciences  where,  Increasingly,  tfci  facilities  must  be 
shared.    Of  course,  astronomers  lined  up  for  telescope  time  much  earlier. 

The  lessons  have  to  do  with  management  styles,  with  the  sociology  of  large 
groups,  with  the  problems  of  travel  to  the  laboratory  versus  presence  on 
campus.  There  Is  very  little  In  the  way  of  mechanisms  for  transmitting  the 
experience  of  how  to  do  and  not  to  do  these  things. 
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Responses  by  Nicholas  P.  Samios,  Brookhaven  National  Laboratory,  to  Questions  for 
the  Record  of  the  Task  Force  on  Science  Policy:    Review  of  International 
Cooperation  In  Big  Science:    High  Energy  Physics,  April  25,  1985. 

1.  What  la  the  fata  re  prospect  for  ttw  International  cos  t-a  oaring  of  the  next 
generation  of  high  energy  phyalca  facilities,  both  in  teres  of  construction 
and  operation? 

Answer  to  Question  1.    I  believe  it  makes  sense  snd  the  time  la  appropriate 
that  there  be  international  cost-sharing  for  the  next  generation  of  high 
energy  physica  facilities.    Whether  it  occurs  depends  on  many  factors,  not  the 
least  of  which  is  that  all  parties  believe  that  it  is  of  mutual  benefit  to  do 
ao.    It  is  clear  that  these  machines  are  becoming  very  large  in  scale  and 
cost,  that  there  will  be,  at  most,  one  of  each  type  and  that  they  will  be 
complementary  in  nature.    What  Is  needed  is  the  conviction  and  the  will  to 
commit  to  the  first  such  project  and  the  cost-aharing  feature  of  this  on 
other  endeavors  will  surely  follow.    At  present,  there  is  a  consensus  that  a 
SSC  type  of  machin;  is  the  logical  next  step  in  high  energy  facilities.  The 
other  major  science  centers  have  large  construction  projects  under  way  (LEP  at 
CERN,  DNK  at  Soviet  Union  and  TRISTAN  in  Japan),  and  these  efforts  preclude 
major  roles  in  new  starts  until  the  early  1990' a.    As  such,  the  U.S.  i3  in  the 
unique  position  of  having  the  necessary  expertise  and  personpover  to 
aggressively  pursue  an  R&D  program  for  the  next  three  years  with  a  projected 
construction  start  in  ~FY  1989. 

For  accelerator  operations  one  probably  should  assume  that  actual  accelerator 
operation  costs  ahould  be  borne  by  the  host  institution  and  its  own  funding 
entity:    However,  experimental  equipment,  etc.,  which  involves  continuing 
large  financial  outlays,  can  be  expected  to  be  shared  internationally  as  is 
presently  done  st  CERN  by  U.S.  experimenters  and  by  Japanese  at  U.S. 
laboratories. 

2.  What  are  (a)  the  advantages  and  (b)  the  disadvantages  of  sharing  the  coat  of 
big  science  facilities  on  an  International  baa  la? 

Answer  to  Question  2.    Advantages  obviously  are  that  costs  f .  r  U.S.  would  be 
reduced,  thus  possibly  facilitating  construction  of  a  very  large  facility. 
Disadvantage  is  probably  loss  of  control  over  fscility  by  U.S.  -  funding 
becomes  complicated  in  sense  of  requiring  delicate  international  negotiations 
at  highest  levels  -  treaty  negotiation,  etc.    Unless  U.S.  funding  of  such 
collaborations  can  be  done  on  longer  term  basis  than  present  "annual"  budgets, 
there  would  probably  be  serious  difficulties  in  treaty  negotiations. 
Important  issues  on  siting  of  the  accelerator  in  U.S.A.  are  discussed  in 
answers  to  other  questions  below. 

.  What  would  be  the  beat  worldwide  configuration  of  high  energy  phyalca 
facilities  from  the  point  of  view  of  science T  Bow  might  this  beat  be 
determined? 
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Should  mm  or  all  future  ~Mg  science"  facilities  be  developed  on  the  bull 
of  International  cooperation? 

Answer  to  Questions  3  and  4.    It  probably  would  not  be  in  the  best  Interest  of 
science  to  have  a  nonollthlc  planning  body  for  world  effort  In  HEP.  Such 
bodies  have  often  been  leaa  than  clairvoyant  on  Issues  of  best  future 
fscllltles.    The  best  worldwide  configuration  la  one  ^hlch  contains 
significant  complementarity  In  sccelerator  capabilities  -  and  that  sees*  to 
happen  naturally  as  s  result  of  the  several  distinct  snd  sepsrate  planning 
bod  lea  of  the  world.    Communication  Is  good  between  those  bodies* 
Cspabllltleo  of  studying  physical  phenomena  st  more  than  one  Institution  Is 
essential  to  the  progress  of  science.    Competition  Is  essential  snd  healthy. 

Vhat  is  the  trend  of  International  collaboration  In  high  energy  physics?  Is 
It  Increasing,  decreasing  or  remaining  relatively  constant? 

Answer  to  Question  5.    Collaboration  on  machine  design  Is  increasing. 
Collaboration  In  experimental  programa  across  national  boundaries  Is  very 
common.    Funding  of  experimental  equipment  to  be  uaed  at  accelerators  In 
"foreign  countries**  Is  significant  and  growing  vis-a>vls  apauese- American 
collaborative  experimental  progrsms  st  U.S.  Accelerators,  Isrge  experimental 
equipment  being  built  In  U.S.  for  use  st  HERA  *»  1  CERN,  :. 

Vhat  attributes  of  high  energy  physics  make  international  cooperation  easy  to 
achieve? 

Does  the  field  have  attributes  that  make  International  cooperation  difficult? 

Answer  to  Question  6.    The  diversity  of  facilities  in  different  countrlea 
fosters  International  collaboration.  Physicists  are  interested  in  solving 
physics  problems  and  naturally  collaborate  across  Intematlo  al  boundaries  in 
older  to  find  experimental  facilities  appropriate  to  their  particular 
experimental  programs.    Physics  Is  foremost  -  so  thst  si though  healthy 
national  competition  exists  for  new  discoveries,  the  scale  of  experiments  snd 
their  cost  creates  s  climate  very  receptive  to  collaboration. 

As  s  forefront  field  of  science,  of  course,  there  Is  chauvinism.    Credit  to 
laboratories  (which  Insures  their  long  term  viability)  usually  comes 
Independent  of  national  origin  of  the  experimenter.    Rubble* a  dlt  overy  of  the 
U  &  Z  are  accomplishments  of  s  Harvard  profeaaor  but  that  work  Is  acknowledged 
to  be  a  "CERK"  -  European  coup.    That  Is  why  on  large  facilities,  i.e. 
construction  of  accelerators,  It  will  be  hard  to  foster  true  cooperation. 
However,  this  has  not  significantly  hindered  scientific  collaboration  because 
credit  ususlly  accrues  to  the  scientist.    In  the  shove  example  both  Rubbla  the 
person  and  CERN  the  Laboratory  get  the  credit. 

Has  there  bees  an  overinvestment  or  underinvestment  In  high  energy  physics 
relative  to  other  subflelds  of  physics  or  other  disciplines?   How  can  the 
appropriate  levels  of  Investment  In  different  subflelds  on  disciplines  best  be 
determined? 
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A-  aver  to  Question  7^   Very  difficui.  question.    High  Energy  Physics  addresses 
the  aost  fundamental  scientific  Issues.    That  it  should  receive  very  high 
levels  of  support  la  justified  by  its  success  and  by  the  fact  that  the 
reaearch  requires  Urge  expenditures.    It  would  be  unreasonable  to  think  that 
aome  other  fundamental  and  very  important  scientific  endeavors  could 
automatically  absorb  funding  going  to  HEP.    They  often  have  no  need  for  auch 
Isrge  resources  to  proceed  st  the  forefront  of  their  fields.    There  are,  of 
course,  financial  -  competitive  Issues. 

Before  answering  the  question  of  overinvestment  or  underinvestment  in  HEP 
specifically,  one  should  answer  the  question  regsrding  all  of  the  U.S. 
science.    The  scientific  endeavors  of  the  country  relative  to  their  lontf  >rm 
value       society  are  underfunded  and  over  the  last  decades  the  support  ha*  not 
kept  pace  with  either  GNP  or  other  measures  of  economic  growth.    This  general 
issue  is  determined  by  governmental  bodies  -  both  executive  and  legialative. 
The  general  question  of  science  funding  cannot  be  otherwise. 

The  decision  as  to  priorities  for  funding  between  different  fields  Is  best  not 
done  in  a  monolithic  fashion.    We  have  over  the  years  been  quite  successful  in 
scierce  generally.    The  views  of  the  scientific  community  as  a  whole  has  been 
influential  in  these  global  decisions  which  have  basically  been  made  by 
non-sclent /sts  -  both  in  the  executive  and  legislative  branchea  of  the 
government.    Scientific  successes  in  different  fields  have  resulted  in  further 
support  for  that  field.    National  needs  in  technology  have  also  plsyed  s  role 
In  sssigning  priorities.    It  is  probably  best  for  science  to  have  diffuse 
authority  in  theae  Issues.    Since  science  often  Involves  very  high  risk  aH 
adventurism  in  attaining  success,  it  is  probably  not  good  to  put  all  the 
decision  capability  within  one  organization. 

8.  What  factors  either  («)  facilitate  or  (b)  inhibit  international  cooperation  In 
high  energy  physics? 

Answer  to  Question  8.    Answered  in  6  above. 

9.  Will  spending  of  national  funds  on  International  facilities  be  to  the 
detriment  of  national  laboratories?   What  la  the  appropriate  level  of  funding 
or  national  research  efforts  versus  International  efforts  end  how  should  theae 
levela  be  determined? 

Answer  to  Question  9.    Spending  of  nstional  funds  on  international  facilities 
is  to  the  detriment  of  national  laboratories  only  if  it  stops  being 
complementary.    At  present  the  balance  Is  not  unreasonable .    If  the  U.S. 
should  fall  significantly  behind  in  accelerator  capabilities  then  obviously 
the  need  for  us  to  spend  in  international  endeavors  will  exceed  the  financial 
flow  within  the  U.S.  and  that  will  be  a  serious  detriment  to  the 
laboratories.    The  appropriate  level  will  vary  with  time.    Without  a  major  new 
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•tart,  our  facilities  over  the  next  ten  years  will  surely  fsll  behind  those 
available  in  Europe*    In  the  next  ten  years,  one  might  assume  U.S.  involvement 
abroad  will  be  perhapa  10>20  percent  of  the  U.S.  effort  In  HEP* 

10.  Whi  K  does  "world  leadership"  In  high  energy  physics  mean?   What  particular 
benefit  a  accrue  to  the  "world  leader"  wersos  "number  two"? 

Why  should  national  policy  makers  care  whether  or  not  the  nation  is  first, 
second  or  third  in  high  energy  physics  research? 

Answer  to  Question  10,    World  leadership  aeans  thst  we  are  asking  important 
discoveries,  recognised  by  the  world  cosmunity,  winning  prizes,  etc.,  leading 
the  way  in  sccelerstor  development,  producing  new  physicists  of  the  highest 
quality,  delivering  significant  spinoff  useful  to  American  Industry,  etc. 

The  Image  of  the  world  leadership  reflects  on  the  respect  we  gain  outside  the 
U.S.  for  very  significant  Intellectual  accomplishments  which  bring  confidence 
(In  the  whole  world  community)  that  the  U.S.  Is  In  fsct  a  world  leader  in 
technology  and  science.    It  brings  a  pride  to  our  own  populous*  most  important 
In  inducing  students  to  enter  science  and  become  not  only  researchers  In  pure 
science  activities  but  In  s  very  significant  psrt  of  the  whole  technological 
(both  civilian  and  military)  establishment. 

Intellectual  challenge  to  the  society  Is  crucial  to  the  maintenance  of  a  high 
technology  society.    If  tlie  country  engages  In  such  an  activity  It  must  aspire 
to  le  first.    Aspirations  to  be  second  or  third  In  s  field  are  sure  to  lead  to 
general  decline  -  you  can't  atay  even  In  second  place  without  the  Incentive  to 
be  best!    A  national  decision  In  any  field,  that  It  la  not  Important  to  be 
first,  will  surely  lead  to  ateady  decline  and  we  will  find  ourselves  soon  not 
second  or  third  -  but  out.    High  energy  physics  Is  recognized  by  the  best 
universities  (In  the  U.S.  and  abroad)  and  by  the  majority  of  thoughtful  and 
recognized  scientists  to  be  at  the  cutting  edge  of  science.    It  Is  also  so 
recognized  by  many  young  ssplrlng  scientists.    To  relegate  It  to  a  position  of 
removing  the  potential  to  be  first,  will  have  the  effect  of  downgrading 
science  In  the  U.S.  -  a  sure  tray  for  us  to  obtain  aecond-rate  credentials. 

11.  Are  the  experiences  of  international  cooperation  in  high  energy  physics 
directly  applicable  to  other  fields  of  science?   What  lessons  nay  be  learned? 

Answer  to  Question  11.    The  healthy  experiences  in  internstional  cooperation 
In  HEP  are  surely  applicable  to  other  fields  of  science.  Succeaaful 
activities  in  any  scientific  discipline  have  known  no  national  boundaries  and 
we  should  not  erect  theal    The  experiences  In  HEP  are  directly  applicable  to 
most  big  science  endeavors:    Astronomy,  ataoapherlc  science,  apace  science, 
etc.    International  collaboration  strengthen."  our  own  technological  stance  - 
by  allowing  time  and  vital  exchange  of  Information  In  all  areas  of  technology. 

One  of  the  Important  lessons  is  mentioned  above.    Successful  cooperative 
efforts  cannot  only  be  In  the  domain  of  people  exchange,  etc.    The  facility 
Issue  Is  Important  to  maintain  a  superlative  U.S.  Image.     An  Indian  on  a 
U.S.  space  shuttle  may  bring  glory  to  himself  but  little  to  India.  An 
American  physicist  at  CERN  brings  glory  to  himself,  not  to  the  U.S.  Important 
astronomical  observations  at  the  VLA  bring  glory  to  the  U.S.A.,  not  the 
country  of  origin  of  the  astronomer. 
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November  1,  1985 


Response  to  Supplementary  Questions  from  the  Science  Policy  Task 
Force  Hearing  of  April  25,  1985     by  Burton  Richter 

1.  What  is  the  future  prospect  for  the  international  cost-sharing  of 
the  next  generation  of  high  energy  physics  facilities,  both  in  term*  of 
construction  and  operation? 

The  answer,  I  believe,  depends  on  where  the  machine  is  constructed.  For 
a  machine  to  be  built  in  the  U.S.  the  possibilities  are  good  for  cost  sharing 
with  Pacific  Basin  countries.  However,  they  are  quite  poor  for  the  foreseeable 
future  with  Europe  as  a  whole.  A  serious  problem  in  discussing  international 
collaboration  with  Europe  is  that  there  is  no  one  to  speak  for  "Europe"  other 
than  CERN,  which  quite  properly  has  institutional  interests  as  well  as  scientific 
ones.  Further,  Europe  is  in  the  midst  of  a  massive  accelerator  construction  effort 
which  dwarfs  what  has  gone  on  in  the  U.S.  in  the  last  five  years.  At  CERN,  LEP 
is  under  construction  and  an  advanced  antiproton  source  for  the  pp  colliding 
beam  facility  is  also  under  construction.  hTGermany  the  world's  highest  energy 
electron-proton  colliding  beam  facility  is  under  construction.  Together,  these 
projects  cost  on  the  order  of  1  to  1.5  billion  dollars,  including  staff  costs.  Thus 
I  see  no  funds  available  from  Europe  for  the  foreseeable  future.  However,  it  is 
possible  that  certain  individual  countries  in  Europe  would  contribute  to  costs  of 
a  facility  outside  Europe. 

The  question  of  cost  sharing  for  operation  is  more  complicated.  At  present  we 
have  a  rough  "balance  of  trade"  in  high  energy  physics  where  U.S.  physicists  using 
foreign  facilities  are  about  balanced  by  foreign  physicists  using  U.S.  facilities. 
Where  there  is  a  balance  of  trade,  outflow  equals  inflow,  and  there  would  be 
no  cost  saving  through  cost-sharing  for  operations,  though  there  would  be  a 
considerable  increase  in  administrative  costs. 

2.  What  are  the  advantages  and  the  disadvantages  of  sharing  the 
cost  of  big  science  facilities  on  an  international  basis? 

There  are  two  possible  advantages  to  international  cost-sharing.  First,  such 
cost-sharing  may  make  possible  the  construction  of  a  facility  that  is  too  expensive 
to  be  built  in  any  other  way.  If  this  facility  is  affordable  by  the  host  country, 
international  cost-sharing  can  reduce  its  financial  impact. 

The  major  disadvantage  of  the  internationalization  of  the  construction  of 
big  science  facilities  lies  in  the  increased  bureaucracy  and  in  the  increased  costs 
incurred  by  what  must  be  ^  more  cumbersome  design  and  construction  procedure 
compared  to  what  could  be  done  were  a  single  country  to  be  the  constructor. 
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3.  What  would  be  the  best  worldwide  configuration  of  high  energy 
physics  facilities  from  the  point  of  view  of  Science?  How  might  this 
best  be  determined? 

The  best  configuration  of  high  energy  physics  facilities  would,  in  the  long 
run,  include  a  very  high  energy  proton-proton  colliding  beam  storage  ring  and  a 
very  high  energy  electron-positron  linear  collider.  Intermediate  energy  machines 
of  both  types  would  be  very  useful.  The  appropriate  combination  of  machines 
and  energies  and  locations  is  much  more  difficult  to  solve.  This  is  clearly  time 
dependent  and  science  dependent.  A  proton  machine  covers  all  en**gies  below 
its  effective  energy.  Thus  a  very  high  energy  proton  collider  might  make  an 
intermediate  proton  machine  redundant. 

Electron-positron  colliders  are  quite  different,  and  one  machine  does  not 
efficiently  span  all  of  the  energies  below  its  maximum  effective  energy.  Thus 
both  intermediate  energy  and  very  high  energy  machines  of  this  type  might  be 
appropriate. 

There  is  already  a  consensus  in  the  physics  community  on  the  appropriate  en- 
ergy for  a  very  high  energy  proton-proton  colliding  beam  machine.  The  question 
that  is  not  settled  is  whether  an  intermediate  machine  is  also  desirable.  There  is 
also  a  developing  consensus  that  in  the  electron-positron  colliding  beam  field  a 
machine  of  .5  to  1  TeV  would  be  desirable  to  be  eventually  followed  by  a  machine 
with  an  effective  energy  beyond  that  of  the  oft-discussed  SSC. 

4*  Should  some  or  all  future  "big  science*  facilities  be  developed  on 
the  basis  of  international  cooperation? 

I  believe  one  should  go  international  only  when  the  advantages  clearly  out- 
weigh the  disadvantages.  The  difficulties  and  complexities  of  working  in  an  in- 
ternational mode  are  usually  underestimated. 

5.  What  is  the  trend  of  international  collaboration  In  high  energy 
physics?  Is  it  increasing,  decreasing,  or  remaining  relatively  constant? 

The  trend  is  toward  more  international  collaboration  as  the  number  of  ac- 
celerator facilities  decreases  and  as  both  the  accelerators  and  experiments  get 
larger  and  more  costly.  In  experimental  physics  the  fraction  of  If.S.  work  going 
on  overseas  as  a  fraction  of  the  university  support  has  remained  rougnly  constant 
over  time. 

6.  What  attributes  of  high  energy  physics  make  international  coop- 
eration easy  to  achieve? 

The  time  scale  for  applications  coming  from  the  basic  research  in  high  energy 
physics  is  extremely  long,  and  so  commercial  and  industrial  advantage  is  not 
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important  in  making  the  siting  decision.  In  addition,  high  energy  physics  has  a 
long  history  of  international  cooperation  on  construction  of  facilities  in  Europe, 
and  the  use  of  facilities  and  the  funding  of  experiments  worldwide. 

7.  Has  there  been  an  overinvestment  or  an  underinvestment  on  hi^h 
energy  physics  relative  to  other  subfit!ds  of  physics  or  other  disci- 
plines? How  can  appropriate  levels  of  investment  in  different  subfields 
or  disciplines  best  be  determined? 

The  relative  over-  or  underinvestment  in  a  particular  field  of  science  is  very 
difficult  to  determine.  As  a  high  energy  physicist  I  of  course  do  not  believe  that 
there  has  been  any  overinvestment  in  high  energy  physics.  I  would  say  that 
conditions  for  high  level  of  investment  in  a  particular  field  in  basic  research  are 
the  following: 

A.  The  people  shc*ild  be  excellent. 

B.  \  rapid  pace  of  discovery  and  advancement  should  be  occurring. 

C.  The  field  should  show  some  ability  to  set  priorities  on  what  has  to  be  done. 
If  the  three  conditions  are  met,  then^  think  the  policymakers  should  set 

the  level  of  support  slightly  below  that  which  is  claimed  by  the  scientist  to  be 
required  for  the  proper  pursuit  of  their  vork.  There  is  no  way  for  the  nonscientist 
to  evaluate  in  detail  the  needs  of  a  field  of  physics,  and  a  mechanism  has  to  be 
found  to  make  the  practitioners  make  responsible  choices  among  alternatives.  I 
think  only  budget  pressure  works. 

It  is  also  important  when  a  field  is  supported  and  builds  new  facilities,  to 
supply  the  necessary  funds  to  operate  those  facilities  and  to  support  the  university 
scientific  community  at  a  level  such  that  those  facilities  can  be  properly  used. 

8.  What  factors  either  facilitate  or  inhibit  international  cooperation 
in  high  energy  physics? 

International  collaboration  is  facilitated  by  having  different  types  of  facilities 
in  different  regions.  Scientific  interest  will  then  lead  some  scientists  to  want  to 
work  at  those  machines  in  other  regions,  for  some  kinds  of  opportunities  will 
only  be  available  elsewhere.  At  the  same  time,  we  must  have  sufficient  support 
to  keep  the  home  institutions  healthy  and  those  working  outside  the  U.S.  must 
be  able  to  make  significant  contributions  to  the  collaborations  in  which  they  are 
a  part.  Some  balance  must  be  struck  between  work  outside  and  work  inside  our 


International  collaboration  is  inhibited  by  shortage  of  funds,  for  high-priority 
national  efforts  tend  to  have  the  first  claim  on  available  funds  as  well  as  by 
various  bureaucratic  barriers  put  up  like  many  governments  that  discourage  the 
easy  international  use  ot  facilities.  In  our  country  visa  problems,  work  permits 
for  family  members,  customs  barriers,  etc.  make  life  complicated  for  foreign 
scientists  wanting  to  use  our  accelerators  and  contribute  to  our  experiments. 
These  matters  arc  discussed  in  more  detail  <n  the  Appendix  of  the  "Annual 
Report  to  the  Working  Group  on  Technology,  Growth,  and  Employment"  by  the 
Summit  Working  Group  on  High  Energy  Physics;  April  1985;  DOE/ER-0223. 
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Responses  to  Questions  for  the  Record 
Professor  Jack  Sandwclsa 
Yale  University 


What  ±9  the  future  prospect  for  the  international  cost-sharing  of  the  — it 
Scne ration  of  high  energy  physic*  facilities,  both  in  tens  of  construction 
and  operation? 

Anaver  to  Question  I.    The  prospect  is  good  for  a  United  cost  sharing  of 
construction  costs  for  the  next  generation  of  high  energy  physics  facilities. 
It  is  not  unreasonable  to  Imagine  that  Japan  and  Canada,  for  example,  night 
participate  in  the  construction  of  the  proposed  Superconducting  Super  Collider 
(SSC)  in  tha  United  States.    Although  such  participation  could  be  substantial , 
it  is  very  likely  to  constitute  a  fraction  of  the  total  construction  cost.  An 
example  of  such  a  construction  collaboration  is  afforded  by  the  Hadron- 
Electron-Ring  Accelerator  (HERA)  project  in  the  Federal  Republic  of  Cernaoy. 
The  German  govemnent  bears  abnut  70  percent  of  the  construction  cost  and  the 
foreign  collaborators  besr  the  remaining  30  percent.    Overall  responsibility 
for  the  project  is  centralized  In  the  Deuteches  Elektrouen-Synchrotron  (DEST) 
laboratory  in  Germany. 

Because  Europe,  as  a  region,  la  very  interested  in  maintaining  a  forefront 
capability  in  high  energy  physics,  it  is  unlikely  that  there  would  be  European 
collaboration  in  the  construction  of  a  new  United  States  accelerator,  auch  as 
the  SSC. 

Sharing  of  operating  coats  is  conceivable  but  cumbersome.    A  way  of 
effectively  sharing  such  costs  Is  for  foreign  collaborators  to  contribute  to 
the  (expensive)  instrumentation  required  to  use  the  accelerator.  Such 
instrumentation  coat  sharing  is  now  a  widespread  practice  in  high  energy 
physics. 

What  are  (a)  the  advantage*  mod  (b)  the  disanVantmges  of  sharing  the  cost  of 
big  science  facilities  on  an  International  beaia? 

Answer  to  Question  2.    The  major  benefit  of  cost  sharing  of  big  acience 
facilities  on  an  international  basis  Is  the  possibility  of  providing  science, 
worldwide,  with  facilities  which  would  not  otherwise  be  available  -r 
would  be  available  only  *fter  considerable  additional  delay.    Such  cost 
sharing  would  alao  enhance  the  exchange  of  acientlfic  information  and  the 
general  quality  of  International  collaboration. 

The  disadvantages  arise  from  the  additional  complexity  inherent  in  a 
multi-nation  coat  sharing  arrangement.    These  might  involve  project  delays 
while  the  details  of  the  cost  sharing  are  negotiated  and/or  a  loss  of 
management  flexibility  during  the  course  of  the  project  because  of  constraints 
arising  from  the  cost  sharing  agreements. 

On  balance,  if  significant  cost  sharing  can  be  achieved.  It  would  appear  that 
the  benefits  outweigh  the  disadvantages. 
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'*  i*  th,.b""  ■ort<fa"«  configuration  of  high  energy  pfcyelc 

d.ter«£.r  POl°t  01         "  *CienC'?  ^ 

Wer  to  Quettlon  3.    m  .y  opinion,  an  eaaantlal  Ingredient  of  the  ootl.lus 
world  conflguretlon  of  high  energy  f.elllrle,  include*  „  BSC   in  the  ££.7 
Stete.   cdng  on-line  for  phylc.  reeeerch  by  S^i-mSu    A  n^h 
£rCd.y  (tfr11Id"  *:  «*""«"»  -  the  deer  priority. 

t£  £SS%£!0It\£  ^h  "hy»1"  "U1  ta  "ncentr.trf  on  LEP  untli 

H^J«  ,TI"  iT1100  f°111<Ur  P™-"5"  «•        Urge  for  J.pen. 

S?It«.  nr£2.   'Si'?."?  ~11-"t  «cl.ntlflcelly-ln  the  Suited 

°L  :LS|"S  rJ11  CO"?let'  U»  project.,  the 

Tri*,*™,"  Feclleb  end  the  Stanford  Linear  Collid.r  et  Stanford  Linear 
Accelerator  Center  (SLnC),  by  1987.    Soee  of  the  other  older  facllltl«  th. 
l?Ll?t'*'  rln8  "  SLAC  "*  tb*  """.ting  cJuZ  Syncnrot™"^ '.t 
Brookhayen.  ere  likely  to  be  obaolet.  by  tte  ^d-1990'.:  ^.^b.  SSC  ll 
appropriately  tlaed  for  the  United  State.  progr«. 

The  Europeen  high  energy  couualty  1.,  of  court.,  concerned  about  the  lone 
*  »HSt.    Th.«  1.  .  clear'lntent  w  Jlnllln  .  ^ 

forefront  poeltlon  for  Europ.  m  the  field  of  high  energy  pby.lca.    It  1.  too 
early  no.  to  .ay  what  the  correct  choice  for  Europe  and  CE»»lli  be.  Th.r. 
Mr'£    t"0"1"""-  »».lch  are,  .od  will  cootlnu.  to  be,  und.rinten.Jv. 
u^™'ur!reirCli"te  *  ""drou  collider  In  th.  LEP  tunnel,  A  ^TLenJnT 
using  LEP  ..  the  electron  .cceler.tor,  ,od  aore  exotic  .che«.\mr"^l™ 
accelerator  technique,  which  .re  .till  In  the  re.e.rch  .ndXelo^eutlhaae. 
the  United  St.tee  .ctlon  with  re.pect  to  the  SSC. 

In  ay  opinion   the  beet  w«y  to  -«.<*  the  optlM"  1.  to  aalntaiu  .od  lncrett. 
the  exchange  of  information  on  the  planning  «d  the  panning  proc.!.  in  elcT 
region.    There  1.,  I  believe,  g.oeral  Internationa  ;gree~ut  tnat  Lior 
dupllctlon  of  f.dlltle.  cn  no  longer  be  fronted.    Given  thl/vlw  ^  fall 
lnforMtion  exchange.  I  i*ii»v»  ™  „»k-t-  *«™.t       •-    ,    e"  "**  rail 

desirable.    "c"*ngc»  1  Mllev*  *°  °™r  formal  aechaolsa  U  required  or 

Tr^t^*0'  f"  fat0r*  "bl*  •cieM"  *«dttti«  L  a«Telop«I  on  the  bul. 
of  international  cooperation?  ^     OT  DMX* 

However"  «uld  E  ta^&u^^^*1"        ST,^  0M' 
lnt.metlon.lly  to  becoa.  the  world'tecter*'     Vlgh" "rgyTbS  *UPPOr"d 
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Answer  to  Question  *  -  Continued.    There  are  several  reasons  for  this 
opinion.    The  first  snd  perhaps  the  moat  important  Is  that  the  science 
requires  several  different  typea  of  facilities.    There  sre  good  fundamental 
reason*  for  believing  thst  this  characteriatlc  will  continue.    Thus,  tit*-*  Is 
no  reason  no;,  to  maintain  regional  high  energy  physics  centers  whose  program, 
complement  one  another.    Indeed,  there  are  consldereble  efficiencies  of 
management,  operstlon  end  utlllrstlon  of  regional  (as  contrasted  with  world) 
facilities     Finally,  many  of  the  benefits  to  relsted  .clences  and  to  eociety 
are  enhanced  If  the  major  high  energy  fed  11  ties  ere  "closer  to  home". 

5.  What  Is  the  tread  of  International  collaboration  in  high  energy  physics?  la 
It  increasing,  decreasing  or  remaining  relatively  constant? 

Answer  to  Question  5.    International  collaboration  has  traditionally  been  a 
atrong  feature  of  high  energy  physics  research  snd  the  trend  has  been  to  ever 
increaaing  levele  of  such  collaborstlon.    At  first,  there  was  excellent 
exchange  of  information  and  techniques,  often  supported  by  frequent  visitor 
exchsnges.    Lster,  Joint  design  and  construction  of  major  experimental 
appsratua  developed.    Host  recently,  the  collaboration  in  construction  of 
«aJor  accelerator  facilities  has  begun.    As  noted  In  the  answer  to  question 
nua-ber  one,  the  HERA  project  in  the  Federal  Republic  of  Germany  la  the  first 
such  facility  to  be  constructed  by  an  International  collaboration  (under  the 
overall  leadership  of  the  West  German  DESY  Laboratory). 

6.  What  attributes  of  high  energy  physics  make  international  cooperation  easy  to 
achieve? 

Does  the  field  have  attributes  that  make  international  cooperation  difficult? 

Answer  to  Oueatlon  6.    High  energy  phyaics  la  a  fundamental  science  which 
seeks  to  learn  about  the  bsalc  structure  of  matter  and  energy.    As  such,  it 
hss  s  brosd  interest  and  sppeal  to  scientists  worldwide.    There  is  s  true 
international  community  in  the  field  and  there  la  general  agreement  as  to  what 
constitutes  good  research  snd  a*  to  the  promiaing  directions  for  future  work. 
These  festures  are  the  basic  reasons  for  the  growth  and  success  of 
international  collaboration  in  high  energy  phyaics. 

A  aecondary  feature  of  importance  in  this  regard  is  the  large  ecale  of  the 
facilities  and  experiaenta.    This  feeture  makee  collaboration,  in  general,  a 
lll°4 reVCr"e«y  lD  Che  fl€ld*    Thu»'  European  high  energy  phyeiciets  have 
achieved  much  greater  results  by  collaborating  vi.  CERJJ  chan  ihey  would  have 
in  a  pattern  of  aaaller  national  efforta. 

One  factor  that  oust  be  kept  In  oind,  however,  is  the  desire  of  the  major 
region,  of  the  world  to  maintain  a  atrong  and  healthy  high  energy  phyalce 
research  program  in  their  own  region.    Such  dealres  do  not  prevent 
international  collaboration,  but  they  do  affect  the  form  which  it  can  take. 
See,  for  exaople,  the  discussion  of  the  next  generation  plans  of  the  United 
Statea  and  Europe  given  In  the  answer  to  queatlon  three. 
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7.    Bu  there  been  an  overinvestment  or  underinvestment  in  high  energy  phytic i 
relative  to  other  subflelds  of  physics  or  other  disciplines?   How  can  the 
appropriate  levels  of  investment  in  different  sub  fields  on  disciplines  best  be 
determined? 

Answer  to  Question  7.    The  question  of  the  proper  balance  of  investment  in  the 
different  scientific  fields  and  in  science  in  general  Is  a  most  difficult 
one.    in  my  opinion,  the  United  Ststes  program,  involving  the  interplay 
between  scientists,  government  agencies  and  Congress  is  a  good  one.  The 
role  of  Congress  in  asking  the  final  decisions  saongst  the  vsrlous  societsl 
goals  seems  to  me  to  be  an  sppropriste  one. 

In  ay  view,  there  has  not  been  an  overinvestment  in  high  energy  physics.  The 
guiding  principle  should  be  that  the  Investment  be  efficient,  with  prudent 
and  economical  management,  to  ensure  that  the  field  Is  healthy  and  vlsble  in 
the  United  Ststes.    High  energy  physicists  have  been  responsible  in  turning 
off  fscllltles  which  do  not  meet  the  sbove  criterion  am  the  real  costs  of  the 
field  have  not  changed  very  much  in  the  last  decade.    High  energy  physics  in 
the  United  Ststes  does  now  require  an  incremental  Increase  for  a  limited,  but 
substantial  time,  in  order  to  provide  s  facility  which  is  crucial  to  the 
progress  of  the  subject  and  the  viability  of  the  program. 

«.    What  factors  either  (a)  facilitate  or  (b)  inhibit  international  cooperation  In 
high  energy  phy3lcs? 

Answer  to  Question  8.    This  question  Is  addressed  in  the  answer  to  question 
number  six. 

9.    Will  spending  of  national  funds  on  international  facilities  be  to  the 

detriment  of  national  laborstorles?    What  Is  the  aporopriate  level  of  funding 
or  national  research  efforts  versos  International  effort 3  and  bow  should  these 
levels  be  determined? 

Answer  to  Question  9.    The  bsslc  principles  in  balancing  efforts  st  national 
versus  international  facilities  should,  in  my  view,  be  to  maximize  both  the 
scientific  results  and  the  health  of  the  United  States  program,    in  detsil 
the  Issues  are  complex.    Facilities  abroad  often  provide  opportunities  £or* 
United  Ststes  scientists  which  sre  not  svailsble  at  home.    Indeed,  the  growing 
complementarity  of  high  energy  fscllltles  on  a  worldwide  basis  means  that  this 
situstion  will  continue  and  will  become  more  prevalent.    At  the  same  time 
sufficient  resources  must  be  devoted  to  United  States  fscllltles  so  that  they 
continue  to  be  forefront  efforts. 

In  practice,  if  the  United  Ststes  fscility  posture  is  on*  which  has  unique, 
forefront  facilities,  the  "balance  of  trade"  between  the  outflow  of  United 
States  physicists  and  money  will  be  compensated  by  an  inflow  of  foreirn 
physicists  and  money  using  our  facilities.    It  should  be  noted  agsin  chat  both 
of  these  activities  sre  usually  carried  out  via  international  teams  of 
collaborators.    It  is  interesting  to  note  that,  at  present,  the  net  "balance 
of  trade    in  high  energy  physics  Is  favorable  to  the  United  States  both  in  a 
manpower  and  a  financial  sense. 


1  10 

9 

ERIC 


136 


feat  one*  "world  leadership*  la  hlfh  energy  physics  meant   What  particular 
benefits  accrue  to  the  "world  leader"  verms  "anster  two"T 

Shy  should  national  policy  maker*  earn  whether  or  not  the  nation  In  first, 
second  or  third  In  high  energy  physics  rmseaxJiT 

Answer  to  Question  10.    "World  leadership"  in  high  energy  physics  would  seen 
that  tbe  lending  country  had  both  the  no  it  advanced  facilities  sod  the 
research  workers  who  were  leaders  In  the  discoveries  nsde  with  thoee 
fadltiee.    it  la  poeelble  to  dletlngulah  daeeee  of  world  leadership.    On  one 
hand,  the  leading  country  might  have  e  complete  dominance  in  the  field  or  on 
the  other  hand,  e  country  night  be  In  e  poaltlon  of  world  leadership  which,  In 
s  broad  aense,  la  shared  with  other  countries  or  regions. 

Given  tbe  coats  of  high  energy  facilities  sod  the  general  trend  to 
International  complementarity,  It  Is  unrealistic  to  aim  at  a  poaltlon  of 
dominance  f0r  the  United  Statea.    So,  we  should  consider  the  benefits  which 
accrue  to  being  among  the  class  of  world  leaders  in  the  field  as  compared  to 
being  a  clear  second  class  country. 

An  inconplete  Hat  of  theee  beneflte  would  include  the  following: 

1.  Hirh  energy  phyelcs  la  s  fundsnental  ecience.    It  probes  the 
haslc  ttructure  of  natter  end  energy  and  la  a  clear  frontier  field 
in  science.    It  la  difficult  to  Imagine  a  atrong  United  Statea 
scientific  culture  which  did  not  include  that  large  region  of  the 
frontier  of  scientific  research  which  la  represented  by  high 
energy  physics.    A  second-rate  United  States  stance  in  high  energy 
physics  would  be  s  clear  elgnal  of  the  willingness  0f  the  U.  S.  to 
eccept  second-rate  atatua  in  ecience  and  technology  in  general. 

2.  The  techniquea  developed  for  high  energy  phyeice  have  been 
very  uaeful  for  other  sciences  and  for  induatry.   The  development 
of  accelerators  has  made  eynchrotron  light  sources  available  for 
condensed  natter  physics  and  for  biology,  for  exanple.  The 
nethode  of  particle  detection  have  had  Important  application  in 
nuclear  nedlclne.    The  development  of  large  a uper conducting  nagnet 
systems  promises  new  applications  in  Html  Imaging,  electric  power 
transmission  sod  in  other  sreaa.    Many  other  examples  could  be 
given  of  the  applicability  of  the  basic  techniquea  of  high  energy 
physics—the  production  and  nanipulstion  0f  high  energy  beans  end 
the  detection  of  subatomic  particles. 

3.  High  energy  physics  traditionally  has  pushed  at  the  limits  of 
Che  stste  of  the  srt  serosa  a  wide  range  of  technologies- 
elect  ronlce,  computers,  optics,  systems,  cryogenics,  etc.    it  has 
stimulsted  developments  in  theee  technologies  in  an  open  fashion 
which  naxinizes  the  availability  and  usefulness  of  the 
developmente  serosa  the  bresdth  0f  United  States  ecience  and 
Industry. 
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Answer  to  Question  10  -  Continued. 

4.    While  ippllcttloo  of  new  discoveries  In  fundamental  edence 
sre  notoriously  hsrd  to  predict,  history  has  been  consistent  In 
showing  thst  every  fundamental  advance  In  our  baalc  undemanding 
of  nature  has  led  to  application*  with  significant  Impact  on  human 
life.    It  la  not  unreasonable  to  believe  that  In  some  fashion,  ss 
yet  unknown  to  us,  this  history  will  repest  Itself.    History  alao 
indicate*  that  to  be  able  to  respond  to  the  new  potential  for 
application,  the  Infrastructure  of  aclence  and  technology,  which 
la  repreaented  by  a  healthy  reaearch  flald,  la  esaentlal.  Por 
example,  the  United  St  a  tea  would  not  hava  been  able  to  respond  to 
the  discovery  of  nuclesr  fission  (made  In  Germany)  If  It  had  not 
been  for  the  cadre  of  nuclear  phyaiciata,  many  of  them  recent 
immigrants,  working  In  United  States  unlveraltlaa. 

Are  thm  experiences  of  International  cooperation  la  hi%S  energy  physics 
directly  applicable  to  other  fields  of  adancn?    What  lessons  may  be  learned T 

Anawer  to  Question  11.    Some  of  the  experience  gslned  in  International 
cooperation  in  high  energy  phyalca  may  be  applicable  to  other  flelda.  Aa 
noted  in  the  answer  to  question  six,  the  two  sttrlbutea  of  high  energy  physics 
which  encourage  International  cooperation  are  lta  fundamental  character  and 
the  need  for  large  scale  operatlona.    Hany  flelda  ahare  the  aapect  of  being 
fundamental  scientific  dlsclpllnea,  but  fewer  require  the  acale  of  operation 
characterlatlcs  of  high  energy  phyalca. 

Among  the  practices  In  high  energy  physics  which  have  encouraged  International 
cooperation,  perhaps  the  most  Important  has  been  the  policy  at  each  mijor 
facility  to  accept  and  consider  experimental  propoaala  on  an  equal  footing, 
whatever  the  country  of  origin  of  the  propoalng  sclent  lata.    Thla  policy  has 
led  to  the  growth  of  International  teams  In  experiments  which.  In  turn,  has 
paved  the  way  for  possible  International  collaboration  In  facility 
construction. 
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Professor  Maury  Tfgner 


Questions  of  the  U.S.  House  of  Representatives 
Science  Policy  Task  Force 


1.   What  1s  the  future  prospect  for  the  International  cost-sharing  of  the  next 

feneration  of  nigh  energy  physics  facilities,  both  In  terms  of  construe- 
ion  and  operation?  ! 

While  International  collaboration  1n  the  planning  for  new 
experimental  facilities  1n  high  energy  physics  and  1n  their  utili- 
zation has  been  excellent,  the  prospect  for  International  cost- 
sharing  for  future  facilities  1s  not  good  1n  the  near  future.  Poten- 
tial partners  with  the  United  States  for  cost  sharing  1n  the  next 
generation  of  U.S.  facilities  would  be  Western  Europe,  Japan,  or 
.Canada.    Sharing  on  a  worldwide  basis  Involving  Socialist  or  Third 
World  countries  is  much  more  remote. 

Western  Europe  has  embarked  on  the  construction  of  a  new  genera- 
tion of  frontier  facilities  Including  the  LEP  27-k1lometer  circum- 
ference electron-positron  ring  and  the  HERA  electron-proton  col- 
lider.   These  facilities  require  not  only  funds  for  construction  but 
also  substantial  sums  for  the  major  particle  detectors  needed  to 
exploit  these  machines.   As  a  result  of  these  requirements  and  the 
expected  funding  profiles  for  European  high  energy  physics,  no  flexi- 
bility within  European  high  energy  physics  1s  apparent  until  1991  or 
1992.    Understandably,  Europeans  appear  unwilling  at  this  time  to 
coranlt  that  flexibility  for  contributions  to  U.S.  facilities.  Addi- 
tional European  plans,  1n  particular  the  large  hadron  collider  (LHC) 
1n  the  LEP  tunnel  are  under  discussion.   This  does  not  mean  that 
European  International  participation  In  the  SSC  program  1s  excluded; 
on  the  contrary,  some  such  participation  1s  now  1n  effect  1n  respect 
to  design  of  that  machine,  and  we  anticipate  considerable  Inter- 
national participation  1n  terms  of  providing  equipment  for  utili- 
zation of  the  SSC  during  Its  operating  phase.   Although  some  contri- 
butions during  the  construction  phase  are  not  excluded,  those  will 
not  be  sufficiently  substantial  to  have  a  significant  effect  on  the 
total  SSC  construction  cost. 

The  situation  1n  respect  to  Japan  Is  somewhat  different.  The 
Japanese  are  Initiating  studies  to  plan  their  construction  program  1n 
high  energy  physics  following  completion,  expected  1n  1986,  of  the 
electron-positron  collider  (TRISTAN).  Participation  1n  the  SSC  1s 
one  of  the  options  under  consideration.  These  studies  are  expected 
to  be  completed  1n  one  to  two  years.  Whatever  the  outcome,  consi- 
dering the  size  of  the  Japanese  high  energy  physics  program,  1t  1s 
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unlikely  that  potential  contributions  by  Japan  to  the  SSC  would  be  a 
substantial  fraction  of  total  construction  cost;  moreover,  contri- 
butions, 1f  any,  would  be  1n  the  form  of  high  technology  hardware, 
rather  than  financial. 

Because  of  geographic  proximity,  Canada  would  be  a  natural  part- 
ner to  participate  1n  the  SSC.   However,  the  Canadian  high  energy 
program  (and  GNP)  1$  significantly  smaller  thin  the  one  In  the  U.S. 
and  thus  any  potential  contributions  would  be  quite -small.    In  addi- 
tion, the  Canadians  are  Interested  <n  pursuing  construction  of  a 
large  medium  energy  facility,  TRIUMF,  which  would  absorb  most  of 
their  available  funds. 

For  the  above  reasons  I  recommend  that  planning,  design  and 
authorization  for  the  SSC  proceed  on  a  national  basis.   At  the  same 
time,  International  participation,  financial  and  otherwise,  should  be 
.sought  with  high  priority  from  other  countries,  in  particular  Japan. 


What  are  (a)  the  advantages  and  (b)  the  disadvantages  of  sharing  the  cost  of 
Dig  science  facilities  on  an  international  basis? 

The  rain  advantage  Hes  1n  the  possibility  of  being  able  to 
build  a  fa-IHty  that  could  not  be  built  1n  any  one  single  country. 
In  addition  cost  savings  would  result  but  those  probably  would  not  be 
as  substantial  as  one  might  normally  envisage  since  the  facility 
would  very  likely  be  more  complex  than  1f  built  by  a  single  country. 
Finally,  such  International  cooperation  might  bring  additional  Intan- 
gible benefits,  Hke  better  exchange  of  scientific  and  technological 
know-how,  furthering  of  International  understanding,  broader  educa- 
tion for  graduate  students,  etc.   These  benefits,  however,  accrue 
mainly  through  International  cooperation  1n  the  use  of  the  machine 
and  1t  1s  not  clear  how  much  cost  sharing  1n  construction  would  con- 
tribute here. 

The  main  disadvantage  would  be  that  the  site  of  the  facility 
might  be  outside  of  the  U.S.    There  1s  also  a  risk  of  a  long  delay  1n 
establishing  the  laboratory.   A  long  time  will  be  required  to  estab- 
lish the  appropriate  agreements  and  to  choose  a  site. 

Whether  there  1s  actual  International  cost  shaHrig  for  a  given 
facility  or  not,  there  are  various  mechanisms  for  International 
coordination  1n  place  which  will  avoid  duplication  of  expensive  faci- 
lities in  £Fe  future.    If  International  cost  sh?  1ng  of  most,  1f  not 
all,  future  machines  becomes  established,  the  net  saving  to  the  U.S. 
could  become  small  or  non-existent. 
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What  would  be  the  best  worldwide  configuration  of  high  energy  physics 
facilities  f row  the  point  of  view  of  science?  How  mlgtit  this  best  be 
determined 

A  mtp  1s  attached  which  shows  the  worldwide  configuration  of 
high  energy  physics  facilities  now  existing  or  planned.   The  existing 
and  committed  facilities  In  the  United  States  will  provide  decreasing 
opportunities  for  high  energy  physics  by  the  first  half  of  the  next 
decade.   The  next  logical  step,  both  from  the  point  of  view  of  opt* 
•rfzlng  the  worldwide  configuration  and  filling  th1u  opportunity  gap 
1s  the  construction  1n  the-Unlted  States  of  the  SSC.   This  move  has 
been  widely  discussed  1n  International  conferences  and  by  the  Inter- 
national Committee  of  Future  Accelerators  (ICFA),  a  committee  estab- 
lished by  the  International  Union  bf  Pure  and  Applied  Physics.  Con- 
struction of  the  SSC  1s  supported  by  tfie  majority  of  the  Inter- 
national community.   There  1s  an  emerging  International  consensus 
that,  subsequent  to  the  SSC,  an  accelerator  to  advance  the  electron- 
positron  collider  frontier  should  be  established,  but  that  such  a 
machine  will  require  the  evolution  of  new  technology.   Thus  the 
timing  of  such  a  further  step  1s  not  now  predictable.   Depending  on 
the  richness  of  the  physics  uncovered  by  facilities  now  under  con- 
struction or  committed,  1n  particular  the  Tevatron  I  at  Fermltab,  the 
CERN  Proton-Antlproton  Collider,  the  SLC  collider  at  SLAC,  LEP  and 
HERA  1n  Western  Europe  and  TRISTAN  1n  Japan,  the  establishment  of 
additional  subfrontler  facilities  may  become  advisable  and  justi- 
fiable, but  1t  1s  too  early  to  seek  agreement  on  such  moves. 


Should  some  or  all  future  "big  science"  facilities  be  developed  on  tha  basis 
of  International  cooperation? 

As  discussed  In  the  answers  to  other  questions  there  are  some 
advantages  to  developing  "big  science"  facilities  on  the  basis  of 
International  cooperation.   However  there  are  three  reasons  why  some 
"big  science"  facilities  should  be  developed  on  a  national  or 
regional  basis  rather  than  an  International  basis.    (CERN  1s  tn  exam- 
ple of  a  regional  facility.)   First,  some  scientific  areas,  because 
of  their  technological  significance,  may  be  of  major  Interest  only  to 
a  particular  nation  or  region.  The  science  and  technology  of  desall- 
nlzatlon  1s  an  example.   Second,  "big  science"  facilities  Interact 
actively  with  Industry,  supporting  and  stimulating  new  technology. 
This  effect  1s  strongest  when  the  facility  Is  national  or  regional. 
Third,  when  "big  science"  facilities  are  national  or  regional,  they 
best  support  the  education  of  scientists  and  engineers.   Hence  a 
major  Industrial  nation  such  as  the  United  States  should  maintain  a 
balance  between  International  "big  science"  facilities  and  national 
or  regional  facilities. 


The  world  of  high  energy  accelerators 
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What  Is  the  trend  qf  International  collaboration  1n  high  energy  phyMcs? 
is  n  increasing,  decreasing  or  remaining  relatively  constant? 

The  trend  of  International  collaboration  1s  Increasing  because 
of  a  growing  diversity  of  facilities.   Collaboration  began  to 
Increase  with  the  advent  of  the  ISR  at  CERN  and  FNAL  1n  the  U.S.  It 
continues  with  the  SppS,  Tevatron  I  (2  TeV  pp  collisions)  and  Teva- 
tron  II  (800-1000  GeV  fixed  target),  LEP,  SLC,  TRISTAN  and  HERA,  a 
set  of  facilities  with  unique  or  nearly  unique  colliding  beam  capa- 
bilities.   The  spv^.trum  of  these  capabilities  covers  high  energy  pp, 
e+e-,  and  e-p  collisions  and  high  energy  fixed  target  program.  Even 
SLC  and  LEP,  superficially  quite  similar,  have  Important  differ- 
ences.  Thus  SLC  has  &  very  small  beam  size  and  polarization  capa- 
bility.   LEP  will  have  a  Man  luminosity  and  ultimately  the  capa- 
bility of  reaching  above  170  GeV  (threshold  for  M  boson  pairs).  Thus 
one  can  expect  even  a  further  growth  of  large  International  colla- 
.boratlve  efforts,  driven  by  common  Interests  of  European,  Japanese 
and  American  physicists. 


What  attributes  of  h1a,h energy  physics  make  International  cooperation  easy 
to  achieve?  Does  the  field  nave  attnoutes  that  make  international  coopera 
tlon  HfficuTET  — 

The  Intellectual  tradition  of  the  West  with  Its  keen  Interest  1n 
understanding  nature  1n  scientific  terms,  Independent  of  other  sec- 
tarian or  national  valuest  make  basic  science  1n  general,  and  high 
energy  physics  1n  particular,  relatively  easy  areas  for  International 
collaboration  and  cooperation  as  1s  borne  out  by  history.  Almost 
since  Its  Inception,  the  pursuit  of  high  energy  physics  has  required 
sharing  of  large,  expensive  facilities.   Thus,  modes  of  collaboration 
and  cooperation  across  varlius  kinds  of  political  and  geographical 
boundaries  have  been  developing  for  many  years. 

There  are  economic,  educational,  cultural  and  national  pride 
aspects  to  basic  science  and  high  energy  physics  1s  no  exception.  In 
a  resource-limited  world,  the  desire  to  be  the  first  to  know  and  to 
benefit  from  that  knowledge,  and  the  technological  spin-off  from  the 
knowledge  Itself  and  from  the  process  of  Its  acquisition,  does  erect 
some  barriers  to  collaboration  and  cooperation. 


Has  there  been  an  overinvestment  or  underinvestment  1n  high  energy  physics 
relative  to  other  subflelds  of  physics  or  other  disciplines?  How  can  the 
appropriate  levels  of  hvestment  in  different  subflelds  or  discipHnesTest 
be  determined^ 

The  amount  oT  'nvestmt-it  in  Mgii  energy  physics  or  any  other 
scientific  area  should  be  measured  by  the  jegree  to  which  the  Nation 
wishes  to  maintain  cutting-edge  research  In  the  crea.    This  1s  the 
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research  which  hts  the  best  possibilities  of  answering  the  major 
unsolved  questions,  of  breaking  Into  new  areas  1n  the  study  of 
nature,  and  of  Introducing  new  technology.   In  some  areas  such  as 
astronomy,  space  science,  or  hfgh  energy  physics,  cutting-edge 
research  requires  large  facilities  with  commensurate  construction  and 
operating  costs.    In  other  areas  such  as  chemistry  and  solid  state 
physics  less  Investment  1s  required  to  do  some  types  of  cutting-edge 
research.   But  even  such  areas  have  begun  to  need  large  facilities 
such  as  synchrotron  light  sources  and  pulsed  neutron  sources  to  do 
forefront  research. 

Considering  high  energy  physics,  the  nation's  Investment  has  led 
in  the  past  to  our  leadership  1n  this  field.   A  markedly  smaller 
Investment  would  not  have  enabled  us  to  achieve  this.   This  1s  demon- 
strated by  the  fact  that  Western  Europe  was  able  to  equal  this 
nation's  achievements  1n  high  energy  physics  only  when  the  European 
Investment  had  become  substantially  larger  than  our  Investment.  If 
this  nation's  Investment  Is  not  maintained,  we  shall  not  be  able  to 
maintain  a  forefront  position  1n  high  energy  physics  research. 


What  factors  either  (a)  facilitate  or  (b)  ^nlblt  International  cooperation 
in  high  energy  physics?  

International  cooperation  In  high  energy  physics  Is  facilitated 
by  a  number  of  factors  as  follows: 

(a)  The  field  operates  without  communication  restrictions  1n 
all  nations  and  as  a  result  the  practitioners  of  the  field  are 
well  acquainted  and  new  data  are  available  worldwide. 

(b)  There  exist  a  substantial  number  of  International  confer- 
ences at  which  there  1s  full  Information  exchange  of  recent 
experimental  results,  theoretical  work,  and  technological  oppor- 
tunities and  achievements. 

(c)  The  Interest  In  high  energy  physics  1s  shared  worldwide 
among  physicists  of  all  nations. 

(d)  The  cost  of  construction  of  new  facilities,  as  well  as  the 
ccst  of  exploitation  of  existing  ones.  Is  sufficiently  high  that 
a  1  nations  recognize  that  International  communication  and 
coordination  are  essential  to  optimize  national  programs. 

International  cooperation  In  high  energy  physics  Is  Inhibited  by 
a  number  of  factors: 

(a)   Governmentrl  formalities,  1n  particular  those  of  the  Soviet 
Union,  are  t1me-consun1ng  and  to  some  extent  unpredictable  In 
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results.  Therefore,  participation  of  physicists  1n  cooperative 
experimental  work  1s  frequently  difficult  to  schedule. 


budgets. 


(b)    Travel  cost  1s  a  significant  cost  Item  1n  times  of  tight 


(c)  Export  restrictions  cause  delays  1n  transfer  of  apparatus 
to  agreed  International  joint  ventures. 

(d)  There  continue  to  be  problems  1n  the  visa  regulations  and 
other  restraints  of  various  governments  which  Impede  the  optimum 
composition  of  International  teams. 

(e)  Cooperative  International  ventures,  1n  particular  tho'-* 
Involving  substantial  Joint  funding  of  multi-year  undertakings, 
require  a  long  planning  lead  time  and  long-range  commitments. 
This  1s  difficult  to  achieve  under  an  annual  funding  cycle. 


9-   W111  spending  of  national  funds  on  International  facilities  be  to  the  detri- 
ment of  national  laboratories?   What  is  the  appropriate  level  of  funding  or 
national  research  efforts  versus  International  efforts  and  how  should  Smi* 
levels  be  determlneqT '  

Naturally  there  1s  competition  between  funds  spent  on  Inter- 
national facilities  In  high  energy  physics  and  the  commitment  of  such 
funds  to  national  activities,  both  at  the  national  laboratories  and 
U.S.  universities.   However,  such  competition  1s  of  a  similar  nature 
as  that  among  purely  national  activities.   Funds  for  International 
facilities  are  Justified  1n  terms  of  the  benefits  to  the  work  of  U.S. 
high  energy  physicists  utilizing  such  facilities.   I  do  not  believe 
that  one  can,  or  should,  make  a  decision  as  to  what  1s  an  appropriate 
level  of  funding  for  International  efforts.   Rather,  the  use  of 
national  funds  or  International  facilities  should  be  judged  1n  compe- 
tition with  purely  national  needs  using  criteria  that  take  Into 
account  benefits  to  U.S.  physicists  and  to  the  progress  of  knowledge 
worldwide.   Such  Judgments  are  best  made  by  peer  groups  such  as  the 
Department  of  Energy's  High  Energy  Physics  Advisory  Panel  (HEPAP) 
reporting  to  governmental  authorities  having  Hne  responsibility  for 
the  program.   Unless  U.S.  national  construction  efforts  and  funding 
for  equipment  projects  (such  as  large  detectors)  remain  competitive, 
1t  1s  unavoidable  that  an  increasing  function  of  the  U.S.  effort  will 
continue  to  migrate  abroad. 


10.  What  does  "world  leadership"  1n  high  energy  physics  mean?  What  particular 
beneMts  accrue  to  the  "world  leader"  versus  'number  two"?   

Why  should  national  policy  makers  care  whether  or  not  the  nation  1s  first, 
second  or  tmrq  in  mgh  energy  physics  researchT 
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In  the  future  one  can  conceive  of  only  one  or  two  forefront 
machines,  so  the  Idea  of  world  leadership  requires  the  location  of  at 
least  one  such  facility  1n  the  United  States. 

History  has  always  taught  us  that  the  knowledge  acquired  through 
basic  research  1s  ultimately  of  benefit  to  mankind.   One  hears  argu- 
ments that  high  energy  physics  1s  of  no  practical  use,  but  we  have 
heard  that  before  about  nuclear  physics  and  even  about  electricity  1n 
Faraday's  time. 

The  spirt  of  a  nation  1s  certainly  related  to  the  extent  to 
which  Its  resources  are  extended  to  activities  which  transcend  the 
prime  goals  of  maintaining  the  well  being  of  the  population.  An 
example  of  such  a  loss  of  spirit  can  be  seen  1n  the  United  Kingdom, 
where  the  move  to  reduce  funding  for  basic  research  1s  further  evi- 
dence of  the  decline  of  a  great  nation  as  viewed  from  the  outside. 
High  energy  physics  1s  one  of  many  such  activities  for  which  the 
United  States  has  the  resources  to  participate.   Our  tradition  as  the 
originators  of  the  particle  accelerators,  and  our  consequent  achieve- 
ments 1n  the  under'  rnd1ng  of  the  fundamental  properties  of  matter 
make  high  energy  pt     js  a  most  natural  field  to  continue  vigorously. 

There  1s  a  certain  amount  of  prestige  that  accrues  to  a  nation 
that  1s  a  leader  1n  any  scientific  field.   The  discoveries  of  new 
phenomena  frequently  receive  prominent  mention  1n  the  press  and  their 
discoverers  are  awarded  numerous  scientific  prizes.   On  the  other 
hand,  confirmations  of  these  discoveries,  at  some  time  later  on,  have 
clearly  a  lot  less  Impact  and  receive  less  publicity.   High  school 
and  college  students  are  much  more  likely  to  go  Into  scientific  and 
engineering  fields  1f  they  perceive  that  there  are  good  opportunities 
1n  science  for  them  1n  their  own  country.    If  a  country  1s  clearly 
"number  two"  cr  "number  three"  1n  a  certain  field,  1t  1s  less  likely 
that  the  field  will  attract  new  young  practitioners. 


Are  the  experiences  of  international  cooperation  In  high  energy  physics 
directly  applicable  to  other  fields  of  science?  What  lessons  may  be  learned? 

The  CERN  laooratory  offers  the  most  experience  1n  International 
cooperation  1n  high  energy  physics,  although  CERN  1s  a  regional 
rather  than  a  truly  International  facility.   The  positive  experiences 
are:   combined  use  can  be  made  of  the  scientific  and  technical 
talents  of  the  participating  nations;  combined  use  can  be  made  of  the 
Industrial  resources  of  the  participating  nations;  costs  are  shared; 
larger  facilities  can  be  built  than  would  be  possible  without  Inter- 
national collaboration;  the  need  for  long-range  agreements  between 
the  participating  nations  leads  to  financial  and  organizational  sta- 
bility for  the  shared  facility;  and  International  cooperation  in 
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construction  projects  and  research  helps  to  further  international 
goodwill  and  understanding. 

The  negative  experiences  are:    scientific  and  technical  ineffi- 
ciences  arise  because  there  is  a  need  to  allow  each'  nation  to  parti- 
cipate in  most  activities  of  the  facility;  total  construction  and 
operating  costs  tend  to  be  high  because  of  the  aforementioned  ineffi- 
ciencies; the  need  for  long-range  agreements  between  nations  can  make 
it  difficult  to  start  new  research  programs  or  change  old  programs. 
In  a  truly  international  facility  these  negative  experiences  might  be 
accentuated. 

Another  form  of  international  cooperation  involves  one  nation  or 
region  taking  primary  responsibility  for  constructing  and  operating  a 
large  science  facility,  with  other  nations  contributing  in  important 
ways.    Examples  are  the  use  of  Fermilab  and  SLAC  by  Japanese  physi- 
. cists,  and  the  use  of  OESY  by  non-German  physicists.    In  these  _eses 
the  "outside"  physics  groups  contribute  from  their  nations'  science 
budgets:   equipment,  accelerator  operating  funds,  or  R&D  funds.  The 
physics  groups  themselves  contribute  scientific  and  technical  per- 
sonnel.  This  tends  to  be  the  most  efficient  form  of  international 
cooperation  because  a  single  nation  has  the  primary  design,  construc- 
tion, and  ooeration  responsibility  for  the  facility. 

All  of  these  positive  and  negative  experiences  can  be  used  by 
other  fields  of  science  to  stucjy  how  various  forms  of  international 
cooperation  could  enhance  the  research  activities  in  their  fields. 
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NICHOLAS  P.  SAMIOS 
BROOKHAVEH  NATIONAL  LABORATORY 

I  thank  the  Committee  for  the  opportunity  to  testify  on  the  question 
of  "International  Cooperation  in  Big  Science:    High  Energy  Physics." 

My  first  comments  have  to  do  with  the  fact  that  there  has  been  a 
history  of  international  cooperation  in  high  energy  physics  since  the 
beginning  of  the  1950's.    Close  collaboration  was  established  between  the 
accelerator  builders  at  Brookhaven  National  Laboratory  and  CERN  in  the 
construction  of  the  Alternating  Gradient  Synchrotron  end  the  Proton  Syn- 
chrotron.   This  involved  exchange  of  information  and  joint  meetings- 
resulting  in  the  successful  completion  and  operation  of  two  excellent  and 
scientifically  productive  accelerators.     Since  that  time  activities  have 
expanded  so  that  not  only  do  we  interact  with  machine  builders  all  over 
the  world,  but  in  addition  American  scientists  have  been  and  are  involved 
in  large  scale  experiments  at  foreign  establishments  and  vice  versa.  This 
interchange  has  even  been  formalized  via  bilateral  agreements  between  the 
United  States  and  Japan,  USSR  and  the  People's  Republic  of  China.    A  further 
step  was  taken  with  the  creation  of  the  International  Committee  for  Future 
Accelerators  (ICFA)  in  the  late  1970's,  in  anticipation  of  the  construction 
of  a  multi-national  Very  Large  Accelerator  (VLA) .    The  present  composition 
of  the  Committee  consists  of  representation  from  the  United  States,  Western 
Europe,  USSR,  Japan  and  India.    The  latest  meeting  took  place  three  weeks 
ago  in  Bombay,  India,  which  I  attended  as  a  delegate.     For  your  information 
I  attach  the  latest  Guidelines  and  the  Membership  List  of  ICFA  Panels. 

At  the  present  time,  we  at  BNL  are  in  the  process  of  negotiating  an 
agreement  with  the  Deutsches  Elektronen-Synchrotron  (DESY)  at  Hamburg, 
collaborating  in  various  technical  areas  in  accelerator  R&D  which  we  be- 
lieve will  be  of  great  mutual  benefit. 

The  pertinent  question  is  the  funding  of  the  construction  of  new  and 
costly  accelerators.    As  noted  above,  the  communication  in  high  energy 
physics  is  excellent  and  there  is  an  attempt  to  avoid  duplication  of  fa- 
cilities.     However,  this  objective  is  not  always  successful,  witness  the 
existence  of  both  PETRA  and  PEP.    The  construction  of  these  facilities  can 
be  viewed  in  prospective  if  one  understands  that,  when  at  a  given  time  the 
next  step  m  science  is  rather  obvious  and  promises  exciting  results, 
competition  is  inevitable.    As  long  as  the  expense  was  not  excessive, 
having  similar  machines  in  different  parts  of  the  world  was  a  positive 
force— in  terms  of  competition,  accuracy  and  verification  and  exploitation 
of  new  and  exciting  results.    This  era  is  certainly  coming  to  an  end  The 
question  now  is  how  to  foster  and  achieve  the  orderly  construction  of  the 
next  generation  of  accelerators.    To  first  order,  experimentalists  would 
prefer  to  have  the  facility  in  their  back  yard.    Since  that  is  not  possible, 
I  believe  the  high  energy  community  puts  a  higher  priority  on  accelerator 
construction  than  on  its  location    and  as  such  would  accept  any  reasonable 
site.    The  important  point  is  to  set  up  and  implement  procedures  that  will 
lead  to  the  successful  construction  of  the  accelerator,  on  an  international 
basis,  without  unnecessary  preconditions.    One  should  not  require,  for 
instance,  a  signed  international  agreement  before  entering  into  substantive 
discussions     One  hopes  that  ultimately  logic  will  prevail,  thar.  when  one 
considers  ongoing  activities,  resources  and  time  scales,  a  plan  will  emerge 
that  makes  sense  and  satisfies  reasonable  people.    The  name  of  the  game  is 
to  set  up  procedures  to  achieve  goals  so  that  our  activities  in  high  energy 
physics  will  be  complementary  on  an  international  as  well  as  a  national 
scale  and  thus  will  provide  a  cost  effective  frame  for  unraveling  nature's 
fee ret 8. 
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INTERNATIONAL  COMMITTEE  FOR  FUTURE  ACCELERATORS 


GUIDELINES 


To  promote  international  collaboration  in  all  phases  of 
the  construction  and  exploitation  of  very  high  energy 
accelerators. 

To  organize  regularly  world-inclusive  meetings  for  the 
exchange  of  information  on  future  plans  for  regional  facilities 
and  for  the  formulation  of  advice  on  joint  studies  and  uses. 

To  organize  workshops  for  the  study  of  problems  related 
to  super  high  energy  accelerator  complexes  and  their  inter- 
national exploitation,  and  to  foster  Research  and  Development 
of  necessary  technology. 
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ICFA 


International  Committee  for  Future  Accelerators 

Sporoortd  by  tht  PmlKi—  and  fWxH  Cmmw  erf  igPAP 


February  1985 


MEMBERSHIP  LIST  OF  ICFA  PANFT,S 


1.     SC  MAGNETS  AND  CRYOGENIC^ 
Europt  (3) 

USA  O) 

Japan  (2) 
USSR  (3) 

(•  1) 
Fourth  Region  (3) 

2.     BEAM  DYNAMICS 
Europe  (3) 

USA  U) 

Japan  (2) 
USSR  (3) 

(♦  U 
Fourth  Region  (2) 


Chairman 


G.  Bnanti 


G.  Bnanti  (CERN) 
C.  Oaum  (nIKHEF? 

H.  Oesportes  (cEn  Saclay) 

P.  Reardon  (BnL) 
C.  Taylor  (LBL) 
A.  Tollestrup  (FNAL) 

H.  Urai>ayashi  (KEK) 
S.  iitsunotJ    (KEK ) 

K.P.  Hyznikov  (Serpukhov) 

A.X.  Ageev  (Serpukhov) 

V.A.  Titov        (Efremov  Inst. .Ltningrad) 

I.  Shelatv  (Oubna) 

Yan  Lu-guang  (Inst.  Elec.  Engineering.  Beijing) 
Poh-Kun  Tseng  (Nat.  Taiwan  Univ.  Taipei) 
P.  Chadha  (BARC.  Trombay) 

Chairman  :  n.  Oikansky 

E.  Keil  (CFRN) 

A.  Piwmski  (OESY) 

a.  Tazzari  (frascati) 

A.  Chao  (SLAC) 
R.  Talman  (Cornell) 
C.  Pellegrini  ( BhL ) 
C.  leemann  (LBL) 

T.  *u*uki  (KEK) 

T.  Xatayama  (InS.  Tokyo) 

V.I.  Balbekov  (Serpukhov) 
A. A.  Kolomensky  (Lebedev) 
N    Oikansky  (Novosibirsk) 

8. P.  Omitrievsky  (Oubna) 

fang  Shou'Xian  (IMEP.  Beijing) 

thiu'Nan  Chang  (Nat.  Normal  Univ.  Taipei) 
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3.  NFU  AffFLEftATOP  SrHfflp*; 

Europt  (3) 
USA  (41 

Japan  (2) 

USSR  U) 

(♦1) 

Fourth  Region  (2) 

4.  INSTRUMENTATION 

Europe  (4) 

USA  (4) 

Japan  (2) 
USSR  (3) 

(♦I) 

Fourth  Rts*~n  (21 


Chairman  :  A 

.  Stssltr 

H. 

Eriksson 

(Haxlab.  Lund) 

J. 

Lawson 

(RAD 

J. 

It  Duff 

(Orsay ) 

R. 

Palmtr 

(BNU 

A. 

Stssltr 

(LBLI 

R. 

Jameson 

(Los  Alamos) 

P. 

Morton 

(SLAC) 

T. 

Kamti 

(KEKl 

H. 

Yoshioka 

(INS,  Tokyo) 

A.C.  Anatuni  (Ytrtvan) 

Yu.P.  Vahrushin  (Efremov  Inst.  .Leningrad ) 

A.  N.  Ltbtdtv  (Ltbtdtv) 
V.  8alakin  (Novosibirsk) 

B.  Sarantstv  (Oubna) 

K.C.  Chtng  (Syn.  Rad.  Rts.  Ctntrt,  Taipti) 
S.S.  Ramamurthy  (8ARC.  Trombay) 

Chairman  :  T.  Ektlof 

C.  Fabjan  (CERN) 

T.  Ektlof  (Uppsala) 
A.H.  Valtnta  (Sitgtn) 
O.H.  Binnit  (IC.  London) 

J.  Pilchtr  (Chicago) 

H.  Brtide.ibach  (SLAC) 

0.  <  ;grtn  (LBL) 

P.  Hartlll  (Cornell) 

S.   Iwata  (KEK) 

H.  Okuno      (INS.  Tokyo) 

Yu.  K.  Antipov  (Strpukhov) 

V.A.  Liubiwov  (ITEP) 

V.  Sidorov  (Novosibirsk) 

Yu.  K.  Akimov  (Oubna) 

C.  Cnang    (Syn.  Rad.  Rts.  Ctntrt, Taipti) 
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MR.  CHAIRMAN  AND  MEMBERS  OF  THE  TASK  FORCE: 

l\X  NAME  IS  PETER  M.  McINTYRE.  I  AM  AN  ASSOCIATE  PROFESSOR  OF  PHYSICS 
AT  TEXAS  A&M  UNIVERSITY  AND  THE  SCIENTIFIC  SPOKESMAN  FOR  THE  TEXAS 
ACCELERATOR  CENTER.  I  AM  PLEASED  TO  APPEAR  BEFORE  THE  SCIEKCE  POLICY  TASK 
FORCE  TODAY.  I  WILL  DESCRIBE  THE  TEXAS  ACCELERATOR  CChTER,  A  MULTI- 
UNIVERSITY  CENTER  WHOSE  MISSION  IS  TO  DEVELOP  NEW  TECHNOLOGY  FOR  FUTURE 
ACCELERATORS.  I  WILL  DESCRIBE  THE  SUCCESSFUL  TESTS  OF  SUPERFERRIC 
DESIGN  FOR  THE  SUPERCONDUCTING  SUPER  COLLIDER.  WE  BELIEVE  THAT  THIS  DESIGN 
OFFERS  THE  SIMPLEST,  LOWEST  COST  TECHNOLOGY  FOR  THE  SSC.  I  WILL  ALSO 
HIGHLIGHT  SEVERAL  RECENT  DEVELOPMENTS  IN  ACCELERATOR  TECHNOLOGY  AT  TAC  THAT 
ARE  BEING  APPLIED  TO  IMPORTANT  PROBLEMS  IN  U.S.  INDUSTRY. 
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THE  TEXAS  ACCELERATOR  CENTER 
THE  TEXAS  ACCELERATOR  CENTER  IS  A  NEW  LABORATORY  FOR  ACCELERATOR 
PHYSICS.  IT  WAS  CREATED  IN  MARCH,  198M  AS  A  COLLABORATION  AHONG  A  NUMBER  OF 
UNIVERSITIES  AND  LABORATORIES.  ITS  MISSION  IS  TO  OEVELOP  AND  EVALUATE  A 
SUPERFERRIC  DESIGN  FOR  THE  SUPERCONDUCTING  SUPER  COLLIDER,  TO  ESTABLISH  A 
UNIVERSITY-BASED  LABORATORY  FOR  ADVANCED  ACCELERATOR  R&D,  AND  TO  Tf.AIN 
STUDENTS  IN  ACCELERATOR  PHYSICS  AND  ENGINEERING. 

DURING  ITS  FIRST  YEAR  OF  ACTIVITY,  TAC  HAS  DESIGNED,  BUILT,  AND 
SUCCESSFULLY  TESTED  SUPERFEHRIC  MAGNETS.  THE  RESULTING  DESIGN  APPEARS  TO 
OFFER  THE  SIMPLEST ,  LOWEST  COST  DESIGN  FOR  THE  SSC.  BEYOND  THE  PRESENT 
FOCUS  ON  SSC  DESIGN,  TAC  IS  ALSO  DEVELOPING  NEW  TECHNOLOGIES  TOR  THE 
ACCELERATORS  OF  THE  FUTURE. 

TAC  IS  A  COLLABORATION  OF  THE  FOLLOWING  INSTITUTIONS: 
TcXAS  A&M  UNIVERSITY  UNIVERSITY  OF  HOUSTON 

RICE  UNIVERSITY  UNIVERSITY  OF  TEXAS 

UNIVERSITY  OF  WISCONSIN  ARGON NE  NATIONAL  LAB 

FERMILAB  BROOK HAVEN  NATIONAL  LAB 

LAWRENCE  BERKELEY  LAB 
TAC  IS  OPERATED  BY  THE  HOUSTON  AREA  RESEARCH  CFVTER  <hARC>,   UNDER  CONTRACT 
WITH  THE  U.S.  DEPARTMENT  OF  ENERGY.    TAC  ALSO  RECEIVES  STRONG  INSTITUTIONAL 
SUPPORT  FROM  HARC  AND  FROM  EACH  OF  THE  COLLABORATING  INSTITUTIONS. 

TAC  I-  LOCATED  IN  THE  WOODLANDS,  TEXAS,  A  SHORT  DISTANCE  NORTH  OF 
HOUSTON.  ITS  FACILITIES  ARE  HOUSED  IN  A  LAB  AND  OFFICE  COMPLEX  OF 
"20,000  FT2  AREA.  TAC  PRESENTLY  HAS  A  TOTAL  STAFF  OF  ABOUT  50,  PLUS  A 
NUMBER  OF  SHORT-  AND  MEDIUM-TERM  VISITORS  FROM  PARTICIPATING  INSTITUTIONS 
AND  A  NUMBER  OF  STUDENTS  IN  ENGINEERING  AND  PHYSICS.  THE  RESEARCH 
FACILITIES  NOW  INCLUDE  MAGNET  FABRICATION  SHOPS,  LIQUID  HELIUM  REFRIGERATOR, 
HIGH-CURRENT  POWER  SUPPLIES,  AND  A  STATE-OF-THE-ART  COMPUTER. 
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THE  SUPERFERRIC  MAGNET 


THE  HEART  OF  THE  SSC  IS  ITS  RING  OF  SUPERCONDUCTING  MAGNETS.  THE 
MAGNETS  ARE  USED  TO  BEND  THE  BEAM  OF  HIGH-ENERGY  PHOTONS  IN  A  CIRCULAR  PATH. 
TAC  HAS  DEVELOPED  A  SUPERFERRIC  DESIGN  OF  THE  SSC,  IN  WHICH  THE 
SUPERCONDUCTING  MAGNETS  ARE  SPECIFICALLY  OPTIMIZED  FOR  LOW-COST  *ASS 
PRODUCTION  IN  INDUSTRY.  WITHIN  6  MONTHS  OF  ITS  FIRST  FEDERAL  FUNDING,  TAC 
HAD  BUILT  AND  TESTED  ITS  FIRST  SUPERFERRIC  MAGNETS.  TO  DATE  FOUR  SHORT 
MAGNETS  (ONE  METER  LONG)  HAVE  BEEN  BUILT  AND  TESTED.  ONE  WEEK  AGO  TAC 
COMPLETED  AND  TESTED  ITS  FIRST  LONG  MAGNET  (8  METERS  LONG).»  ALL  MAGNETS 
HAVE  PERFORMED  TO  SPECIFICATION  IN  ALL  RESPECTS.  WHILE  MUCH  DEVELOPMENT 
REMAINS  BEFORE  THE  DESIGN  IS  FULLY  EVALUATED,  THE  SUPERFERRIC  MAGNET  APPEARS 
TO  OFFER  A  SIMPLE,  LOW-COST  DESIGN  FOR  *flE  SSC.  TAC  HAS  CONTRACTED  TO  HAVE 
3  LONG  MAGNETS  (35  METERS  LONG)  BUILT  19  U.S.  INDUSTRY.  TESTS  0?  THOSE 
MAGNETS  SHOULD  BE  COMPLETE  Br  THE  END  OF  1985. 

THE  SUPERFERRIC  DESIGN  IS  BEING  DEVELOPED  IN  COMPETITION  WxTH  DESIGNS 
FOR  HIGH-FIELD  SUPERCONDUCTING  MAGNETS  SIMILAR  TO  THOSE  USED  IN  THE  TEVATRON 
AND  Hh'RA  ACCELERATORS.  THERE  IS  BROAD  AGREEMENT  THAT  IT  IS  TECHNICALLY 
FEASIBLE  TO  BUILD  THE  SSC  USING  EITHER  THE  SUPERFERRIC  OR  THE  HIGH-FIELD 
DESIGN.  THE  PRESENT  R&D  PROGRAM  IS  AIMED  TO  ASSESS  COST  AMD  RELIABILITY  OF 
THE  DESIGNS.  IN  THE  SSC  REFERENCE  DESIGN  STUDY  A  PRELIMINARY  COST  ANALYSIS 
WAS  PERFORMED.  THE  COST  OF  THE  SUPERFERRIC  MAGNETS  WAS  EVALUATED  TO  BE  LESS 
THAN  HALF  THAT  OF  THE  HICH-FIELD  DESIGNS.  THIS  SAVING  MORE  THAN  OUTWEIGHS 
THE  COST  OF  ADDITIONAL  i UNNEL  CIRCUMFERENCE  REQUIRED  FOR  A  SUPERFERRIC 
DESIGN.  THE  ADDITIONAL  TUNNEL  CIRCUMFERENCE  ALSO  MAKES  IT  POSSIBLE  TO 
UPGRADE  THE  SSC  IN  THE  FUTURE  BY  ADDING  A  RING  OF  HIGH-FIELD  MAGNETS.  THIS 
COULD  ENABLE  US  TO  FURTHER  INCREASE  THE  S«C  ENERGY  BY  A  FACTOR  3  IN  THE 
FUTURE  WITHOUT  BUILDING  ANOTHER  NEW  LABORATORY. 

•THE  "TECHNICIAN"  SHOWN  1A  THE  ACCOMPANYING  PHOTO  ADJUSTING  THE  FIRST  LONG 
MAGNET  AT  TAC  IS  SHELDON  L.  OLASHOW  OF  HARVARD  UNIVERSITY,  1979  NOBEL 
LAUREATE. 
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TUNNEL  TECHNOLOGY 

USING  TODAY'S  TUNNEL  TECHNOLOGY,  THE  TUNNEL  REQUIRED  FOR  THE  SSC  WOULD 
COST  AS  MUCH  AS  ALL  ITS  SUPERCONDUCTING  MAGNETS.  ENGINEERS  AT  THE  TEXAS 
ENGINEERING  EXPERIMENT  STATION  HAVE  INVENTED  A  WAY  TO  REDUCE  ITS  COST. 

THERE  ARE  THREE  MAIN  ACTIVITIES  THAT  TAKE  PLACE  IN  A  TUNNELING 
OPERATION:  CUTTING  THE  TUNNEL  FACE,  REMOVING  THE  MUCK,  AND  INSTALLING  A 
TUNNEL  LINING.  THE  TECHNOLOGY  FOR  CUTTING  THE  TUNNEL  FACE  TODAY  IS  CAPABLE 
OF  PROGRESSING  AT  A  RATE  OF  "1,000  FT/DAY  IN  THE  SOIL  TYPES  LIKELY  TO  BE 
TYPICAL  OF  AN  SSC  SITE.  YET  A  TYPICAL  TUNNEL  PROJECT  TODAY  PROCEEDS  AT  A 
RATE  OF  "tOO  FT/DAY  ON  A  GOOD  DAY!  THE  PERFORMANCE  LIMITATION  COMES  FROM 
THE  OTHER  TWO  STEPS  -  MUCK  REMOVAL  AND  LIKING  INSTALLATION.  BOTH  STEPS 
REQUIRE  LABOR-INTENSIVE  MATERIALS  HANDLING  IN  THE  TUNNEL  APERTURE.  THE 
RESULTING  LOGISTIC  NIGHTMARE  IS  SHOWN  IN  PRACTICE  IN  FIGURE  3. 

A  GROUP  OF  CIVIL  ENGINEERS  AT  TEES  HAVE  INVENTED  A  NOVEL  METHOD  BY 
WHICH  THE  MATERIALS  HANDLING  ACTIVITY  IS  REMOVED  FROM  THE  TUNNEL  BORE.  THE 
CONTINUOUS  UNITIZED  TUNNELING  SYSTEM  (CUTS)  IS  SHOWN  SYSTEMATICALLY  IN 
FIGURE  3.  A  STANDARD  TUNNEL  BORING  MACHINE  (TBM)  IS  USED  TO  CUT  THE  FACE. 
WATER  JETS  ON  THE  CUTTINC  FACE  SLURRY  THE  MUCK.  THE  MUCK  IS  COLLECTED  AT 
THE  BOTTOM  AND  CONTINUOUSLY  PUMPED  INTO  A  PIPELINE  THAT  TRANSPORTS  IT  ALONG 
THE  TUNNEL  TO  THE  LAST  SURFACE  PENETRATION  AND  OUT  TO  THE  SURFACE.  THE 
TUNNEL  LINING  IS  EXTRUDED  BY  INJECTING  QUICK-SETTING  FIBER-REINFORCED 
CONCRETE  BETWEEN  INNER  AND  OUTER  FORMS  THAT  MOVE  CONTINUOUSLY  WITH  THE  TBM. 

THE  KEY  INNOVATION  IN  THE  CUTS  TECHNIQUE  IS  THE  INCORPORATION  OF  THE 
PIPELINES  FOR  TRANSPORT  OF  MUCK  AND  CONCRETE  MATERIALS  INTO  THE  TUNNEL  SUB- 
FLOOR  AS  SHOWN.  ALL  COMPONENT  SYSTEMS  ARE  CAPABLE  OP  SUSTAINING  A 
t.OOO  FT/DAY  ADVANCE  RATE.  THE  CUTS  SYSTEM  COULD  REDUCE  PRESENT  TUNNEL 
COSTS  BY  A  FACTOR  OF  2.  THIS  TRANSLATES  INTO  ENORMOUS  BENEFITS  TO  SOCIETY 
FOR  BUILDING  SUBWAYS,  AND  SEWERS  IN  OUR  CITIES.  CUTS  WOULD  NOT  HAVE  BEEN 
DEVELOPED  AT  ALL  WERE  IT  NOT  FOR  OUR  EFFORTS  FOR  THE  SSC. 
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SUPERCONDUCTING  MAGNETIC  ENERGY  STORAGE 
OUR  COLLABORATORS  AT  THE  APPLIED  SUPERCONDUCTIVITY  CENTER  AT  THE 
UNIVERSITY  OF  WISCONSIN  HAVE  PLAYED  A  MAJOR  ROLE  IN  DEVELOPING  A  NEW 
TECHNIQUE  FOR  EFFICIENTLY  AND  CHEAPLY  STORING  ELECTRIC  ENERGY.  CALLED 
SUPERCONDUCTING  MAGNETIC  ENERGY  STORAGE  (SMES),  IT  CONSISTS  OF  A  LARGE  COIL 
OF  SUPERCONDUCTING  CABLE  SIMILAR  TO  THAT  USED  IN  THE  SSC  MAGNETS.  ELECTRIC 
ENERGY  CAN  BE  STORED  BY  INDUCING  A  CURRENT  TO  FLOW  IN  THE  CABLE.  THE  ENERGY 
CAN  BE  RECOVERED  BY  ELECTRONICALLY  CONVERTING  THE  STORED  CURRENT  BACK  ItiTO 
POWER  ON  THE  UTILITY  GRID.  IN  THIS  WAY  ENERGY  PRODUCED  AT  NIGHT  BY  A 
UTILITY  CAN  BE  STORED  AND  THEN  DELIVERED  TO  THE  GRID  DURING  THE  DAYTIME  PEAK 
DEMAND.  RECENT  STUDIES  BY  BECKTEL  AND  EBASCO  INDICATE  THAT  SMES  IS  THE  MOST 
COST-EFFECTIVE  MEANS  OF  AUGMENTING  PEAK  DEMAND  FOR  ELECTRIC  UTILITIES.  ITS 
COST  WAS  REDUCED  DRAMATICALLY  DURING  RECENT  YEARS  BY  RESEARCH  AT  WISCONSIN 
THAT  RESULTED  IN  AN  INCREASE  OF  A  FACTOR  OF  TWO  IN  THE  CURRENT  THAT  CAN  BE 
CARRIED  IN  A  SUPERCONDUCTING  CABLE.  THAT  WGHK  WAS  THE  DIRECT  RESULT  OF  THE 
R&D  ON  SUPERCONDUCTING  ACCELERATOR  MAGNETS. 
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CONCLUSION 


I  HOPE  THAT  THE  ABOVE  DISCUSSION  CONVEYS  THE  EXCITEMENT  AND  ACTIVITY 
THAT  IS  HAPPENING  AT  THE  TEXAS  ACCELERATOR  CENTER.  FOUR  MORE  UNIVERSITIES 
ARE  PRESENTLY  NEGOTIATING  TO  JOIN  TAC.  SEVERAL  NEW  TOPICS  OF  ACCELERATOR 
RESEARCH  ARE  UNDER  CONSIDERATION.  IN  ADDITION  TO  THE  STAFF  OF  50,  ABOUT  15 
UNDERGRADUATES  AND  8  GRADUATE  STUDENTS  ARE  NOW  INVOLVED  IN  THE  RESEARCH 
PROGRAM.  MOST  OF  OUR  SCIENTIFIC  STAFF  ALSO  HOLD  FACULTY  POSITIONS  AT  ONE  OF 
THE  PARTICIPATING  UNIVERSITIES.  WE  HOPE  TO  DEVELOP  AT  TAC  AN  ONGOING 
UNIVERSITY-BASED  CENTER  FOR  ADVANCED  ACCELERATOR  R&D,  AND  TO  CONTRIBUTE 
SIGNIFICANTLY  TO  THE  FUTURE  OF  HIGH  ENERGY  PHYSICS. 

THE  SUPERCONDUCTING  SUPER  COLLIDER  IS  AN  OPPORTUNITY  FOR  THE  U.S.  TO 
RESUME  LEADERSHIP  AT  THE  CUTTING  EDGE  OF  MODERN  SCIENCE.  THE  SSC  WILL  GIVE 
US  THE  MEANS  TO  PROBE  THE  MOST  FUNDAMENTAL  BUILDING  BLOCKS  OF  NATURE  -  THE 
QUARKS  AND  LEPTONS.  WE  HAVE  TODAY  A  BEAUTIFUL  BUT  IN  SOME  WAYS  PUZZLING 
PICTURE  OF  NATURE.  ALMOST  ALL  THE  MATTER  OF  OVZ  UNIVERSE  IS  LOCKED  IN  THE 
PROTONS  AND  NEUTRONS  OF  THE  ATOMIC  NUCLEUS.  WE  NOW  KNOW  THAT  EACH  OF  THESE 
CONTAINS  THREE  QUARKS,  LOCKED  TOGETHER  BY  THE  STRONG  FORCE.  THE  QUARKS 
THEMSELVES  HEIGH  ONLY  A  VERY  SMALL  PART  OF  THE  MASS  OF  THE  PROTON,  HOWEVER. 
ALMOST  ALL  ITS  MASS,  HENCE  ALMOST  ALL  THE  MASS  OF  THE  UNIVERSE,  IS  LOCKED  IN 
THE  FIELD  ENERGY  OF  THE  STRONG  FORCE!  THE  SSC  WILL  BE  THE  ESSENTIAL  TOOL 
WITH  WHICH  WE  CAN  PROBE  THE  BONDS  OF  THE  STRONG  FORCE,  AND  SEEK  TO  BETTER 
UNDERSTAND  THE  SUBSTANCE  OF  SUBSTANCE.  IN  THIS  QUEST  WE  ARE  TRAINING  THE 
BEST  AND  BRIGHTEST  OF  OUR  YOUNG  SCIENTISTS  IN  THE  RICHEST  CREATIVE 
TRADITION.  ALONG  THE  WAY  WE  ARE  DEVELOPING*  PRACTICAL  TECHNOLOGIES  THAT  ARE 
OF  GREAT  VALUE  TO  OUR  SOCIETY.  I  URGE  THAT  THE  SSC  BE  BUILT  AS  QUICKLY  AS 
P0SSI3LE  SO  THAT  WE  CAN  LEAD  THE  WAY  IN  THI6  EXCITING  SCIENCE.  TAC  IS  DOING 
ITS  UTMOST  TO  MINIMIZE  ITS  COST  AND  MAXIMIZE  ITS  BENEFIT  TO  THE  AMERICAN 
PEOPLE. 
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THE  IMPORTANCE  OF  UNIVERSITIES 
I  WISH  TO  STRESS  THE  IMPORTANCE  OF  UNIVERSITIES  IN  SCIENCE  AND 
TECHNOLOGY  IN  AMERICA.  IN  PLANNING  AND  BUDGETING  AT  FEDERAL  AGENCIES,  IN 
TESTIMONY  TO  CONGRESSIONAL  COMMITTEES,  AND  IN  THE  PRESS  THERE  IS  A  TENDENCY 
TO  VIEW  THE  TANGIBLE  STATE-OF-THE-ART  FACILITIES  AT  OUR  NATIONAL 
LABORATORIES  AS  THE  CAUSE  AND  EFFECT  IN  THE  PROGRESS  OF  SCIENCE.  THIS  VIEW 
AS  DANGEROUSLY  MISLEADING.  WHILE  MAJOR  CENTRALIZED  RESEARCH  FACILITIES  ARE 
OBVIOUSLY  ESSENTIAL  IN  MANY  AREAS  OF  RESEARCH  TODAY  (NOWHERE  MORE  SO  THAN 
OUR  OWN),  NEW  DISCOVERIES  AND  INVENTIONS  COME  FROM  BRAINS,  NOT  MACHINES. 
OUR  UNIVERSITIES  BUILD  BRAINS.  THEY  ARE  THE  MOST  VALUABLE  RESOURCE  IN  OUR 
WORLD  IN  BUILDING  THE  FUTURE  FOR  SCIENCE  AND  FOR  SOCIETY  AT  LARGE.  GREAT 
IDEAS  COME  PREDOMINANTLY  FROM  COMMITTED  UNIVERSITY  FACULTY.  ALL  MAJOR 
DISCOVERIES  AT  HIGH-ENERGY-PHYSICS  LABORATORIES  HAVE  BEEN  MADE  USING 
UNIVERSITY-BUILT  DETECTORS.  NEW  TECHNOLOGIES  ARE  SPAWNED  MOST  OFTEN  IN 
UNIVERSITY  LABORATORIES.  STUDIES  HAVE  REPEATEDLY  SHOWN  THAT  UNIVERSITIES 
PROVIDE  THE  MOST  COST-EFFECTIVE  INVESTMENT  OF  FEDERAL  FUNDS  FOR  RESEARCH  AND 
DEVELOPMENT. 

IN  THESE  TOUGH  BUDGET  TIMES,  I  URGE  THAT  THE  UNIVERSITIES  OF  AMERICA  BE 
TREATED  AS  THE  FIRST  PRIORITY  IN  FEDERAL  FUNDING  OF  RESEARCH.  AS  THIS 
SESSION  OF  TESTIMONY  DEMONSTRATES,  OUR  NATIONAL  LABORATORIES  AND  THEIR 
ESTIMABLE  DIRECTORS  CAN  MOUNT  A  POWERFUL  AND  PERSUASIVE  CASE  FOR  THE  FUNDING 
OF  THEIR  PROGRAMS.  THERE  IS  NO  EQUIVALENT  VOICE  TO  PORTRAY  THE  THOUSANDS  OF 
DIVERSE  AND  IMPORTANT  RESEARCH  PROJECTS  AT  OUR  UNIVERSITIES.  I  SUGGEST  THAT 
UNIVERSITY-BASED  RESEARCH  DESERVES  AN  INCREASED  SHARE  OF  FEDERAL  RESEARCH 
SUPPORT,  AND  SOME  DEGREE  OF  PROTECTION  FROM  YEAR-TO-YEAR  BUDGETARY  WINDS. 
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INTERNATIONAL  COLLABORATION  FOR  THE  SSC 


Executive  Summary 


The  SSC,  a  high  energy  proton-proton  colliding  beam  facility,  has  been 
identified  by  the  scientific  community  and  governmental,  bodies  as  the  next 
logical  step  in  the  high  energy  physics  program  of  the  United  States  in  its 
quest  toward  understanding  the  fundamental  properties  of  matter.    The  energy 
choice  of  40  TeV  in  the  center  of  mass  rests  cn  »  firm  intellectual  basis. 
An  international  approach  to  the  construction  and  operation  of  such  a  facil- 
ity would  build  upon  the  existing  tradition  of  collaboration  in  high  energy 
physics  and  vould  be  of  great  practical  interest  because  of  the  magnitude  of 
the  estimated  construction  costs. 

The  United  States  has  historically  played  a  leading  role  in  the  important  and 
challenging  field  of  high  energy  physics.    Without  additional  construction, 
the  United  States  is  expected  to  have  by  the  end  of  this  decade  only  three 
experimental  interaction  regions  at  which  the  highest  energy  collisions  are 
available  to  experimenters,  compared  with  10  in  Western  Europe.    Hany  physi- 
cists from  the  U.S.  are  already  heavily  involved  in  the  utilization  of  the 
various  foreign  facilities  and  significant  U.S.  funds  are  being  used  to  mount 
experiments  at  them.    In  1990,  Western  Europe  will  have  completed  two  of  the 
most  advanced  machines  in  the  world,  while  the  U.S.  facilities  will  approach 
the  end  of  their  useful  exploitation  in  the  1990* s.    It  appears  essential  to 
the  continued  good  health  of  the  U.S.  High  Energy  Physics  program  that  the 
construction  of  the  next  generation  facility  be  located  in  the  U.S. 

We  have  considered  the  merits  of  U.S.  participation  in  the  construction  of  a 
Large  Hadron  Collider  (LHC)  in  the  LEP  tunnel  at  CERN  as  a  viable  alternative 
to  SSC  construction  in  the  U.S.    Our  conclusion  is  that  the  choice  of  this 
option  would  be  the  wrong  decision  leading  to  reduced  energy  and  operational 
flexibility,  and  failing  to  meet  the  needs  and  opportunities  of  American 


We  encourage  international  participation  in  the  SSC  program.    This  includes 
participation  in  RfcD,  planning,  design  and  construction  of  the  machine  proper 
and  its  major  detectors,  and  exploitation  of  its  physics  potential.  However, 
negotiations  to  this  end  should  not  delay  the  construction  schedule.  The 
Europeans  and  Japanese  are  already  heavily  committed  to  their  existing  pro- 
grams and  international  collaboration  cannot  be  expected  to  provide  a  major 
offset  to  the  U.S.  borne  construction  costs  for  the  SSC  unless  substantial 
new  resources  beyond  those  presently  foreseen  are  provided  to  European  and/or 
Japanese  high  energy  physics  programs,    it  should  be  noted  that  the  European 
program  already  runs  at  about  twice  the  level,  measured  in  terms  of  Cross 
National  Product,  of  th*  American  program. 

The  international  sharing  of  detector  equipment  costs  is  already  a  well- 
established  tradition  and  it  is  anticipated  that  this  pattern  will  also  apply 
at  the  SSC. 

RECOMMENDATION  FOR  INTERNATI'  XL  PARTICIPATION  IN  THE  SSC  PROGRAM 

We  recommend  that  constriction  of  the  SSC  should  be  planned,  supported,  uid 
authorized  within  the  nat.  >nal  U.S.  program.    Based  on  such  a  national 
commitment,  international  participation  in  terms  of  contributions  of  funds, 
personnel,  and  technical  components  should  be  sought  from  foreign  countries 
at  all  levels  of  R&D,  design,  engineering,  construction  and  exploitation. 


science. 
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URA-SSC  BOARD  OF  OVERSEERS 


May  6,  1985 


IKTERNATIOKAL  COLLABORATION  FOR  THE  SSC 


I.  BACKGROUND 

The  SSC  has  been  identified  by  the  scientific  conmun.Hy  and  governmental 
bodies  as  the  next  logical  step  in  the  high  energy  physics  program  of  the 
United  States  in  driving  further  in  its  quest  toward  understanding  the  funda- 
mental properties  of  matter.    The  Department  of  Energy  is  supporting  the  R&D 
phase  of  that  undertaking,  but  several  hurdles  remain  before  the  project  can 
be  authorized  for  construction.    Among  such  issues  is  the  extent  to  which 
international  collaboration  in  the  SSC  is  desirable,  or  in  fact  necessary. 

The  interest  in  international  participation  in  the  SSC  is  dual.    The  first 
question  is  financial.    The  current  estimated  construction  cost  for  the  SSC  is 
about  $3  billion  FY  »8*l  not  including  detector  costs.    Since  the  knowledge  to 
be  gained  through  the  SSC  is  of  worldwide  impact,  it  is  eminently  reasonable 
to  examine  the  extent  to  which  these  costs  can  be  shared  globally. 

The  second  reason  is  that,  traditionally,  high  energy  physics  has  been  and 
continues  to  be  in  the  forefront  among  the  sciences  as  a  vehicle  for  interna- 
tional collaboration.    Exploitation  of  all  high  energy  accelerators  in  the 
western  world  is  governed  by  the  scientific  merit  of  experimental  proposals, 
irrespective  of  national  origin  of  the  proponents.    There  exist  bilateral 
agreements  fcr  cooperation  in  high  energy  physics  between  the  United  States 
and  Japan,  China,  and  the  USSR.    Several  international  bodies  sponsor  interna- 
tional information  exchange  in  high  energy  physics  and  in  the  development  of 
national  or  regional  plans  for  high  energy  facilities. 

The  scientific  motivation  for  exploring  fundamental  particle  physics  at 
about  1  TeV  collision  energy  for  fundamental  constituents  of  matter,  quarks, 
gluons,  and  leptons,  is  exceedingly  strong.    There  has  been  dramatic  success 
during  the  last  decade  in  identifying  these  constituent  families  and  describ- 
ing their  interactions  through  theories  which  unify  two,  and  even  maybe  three 
of  the  known  fundamental  forces  in  nature:    the  weak  interaction,  the  electro- 
magnetic interaction,  and  the  strong  interaction.    While  this  so-called 
"standard  model "  has  been  highly  successful,  it  has  at  the  same  time  projected 
the  existence  of  new,  as  yet  unobserved,  entities  and  has  exhibited  certain 
features  which  can  only  be  explored  in  collisions  of  constituents  in  the  TeV 
energy  range.    In  turn,  very  extensive  studies  have  shown  that  coverage  of  the 
conjectured  region  which  must  be  explored  to  obtain  such  needed  answers 
requires  a  center  of  mass  energy  in  proton-proton  collisions  near  *0  TeV  at 
the  highest  luminosity  that  the  detector  permits.    If  this  energy  is  reduced 
substantially  the  number  of  open  issues  subjeot  to  exploration  decreases 
sharply,  and  the  required  luminosities  may  become  so  high  as  to  be  extremely 
difficult  to  utilize  by  practical  detectors.    For  these  reasons  the  goal  to 
reach  a  *I0  TeV  center  of  mass  energy  rests  on  a  firm  intellectual  basis. 
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XX,    SHOULD  THE  NEXT  ACCELERATOR  BE  :*»  THE  UNITED  STATES? 

The  United  States  has  historically  played  a  leading  role  in  the  pursrit  of 
high  energy  physics.    This  emphasis  has  been  ootivated  by  the  importance  and 
fundamental  character  of  the  field,  its  appropriateness  as  a  rigorous  training 
ground  for  young  scientists,  and  its  push  toward  the  development  of  state-of- 
the-art  instrumentation  with  applications  to  other  areas. 

Without  additional  construction  the  United  States  is  expected  to  have  only 
two  front-line  high  energy  laboratories  in  operation  by  the  end  of  this 
decade:    Fermilab  and  SLAC.    Some  other  facilities  may  continue  in  operation 
to  accumulate  quantitative  data  or  to  pursue  opportunities  not  now  predict- 
able.   However,  by  the  nature  of  the  U.S.  installations,  the  total  number  of 
interaction  regions  at  which  the  highest  energy  collisions  can  be  available  to 
experimenters  is  only  three  (one  at  the  SLC  at  SLAC  and  two  at  Tevatron  I  at 
Fermilab).    By  contrast.  Western  Europe  will  have  4  (expandable  to  8)  inter- 
action points  available  at  LEP  at  CERN  near  Geneva,  $  at  HERA  at  DESY.  in 
Hamburg,  Germany,  and  2  at  the  SppS  at  CERN.    The  SppS  is  currently  operating, 
will  be  upgraded,  and  has  produced  the  recent  discovery  of  the  carriers  of  the 
weak  interaction,  the  intermediate  bosons,  for  which  the  1981  Nobel  Prize  in 
Physics  was  awarded. 


The  relative  magnitudes  of  effort  among  U.S.,  Japanese,  and  Europeans  are 
illustrated  in  Fig.  t  which  measure  financially  the  contributions  of  each 
region  expressed  as  a  fraction  of  GNP. 

With  the  increased  emphasis  on  the  importance  of  colliding  beam  facilities 
and  the  projected  availability  of  numerous  frontier  facilities  in  Europe  and 
Japan,  there  has  been  a  substantial  increase  in  the  participation  of  U.S. 
experimentalists  at  foreign  accelerators.    This  increase  has  been  in  the  form 
of  personnel  involvement  as  well  as  active  financial  participation  in  several 
major  detectors  (for  example,  the  Hark  J  at  PETRA  in  Germany,  L-3  at  LEP  at 
CERN,  and  AMY-CHAN  at  KEK,  Japan).    These  activities  are  led  by  American 
groups.    The  participation  of  European  and  Japanese  physicists  in  experiments 
in  the  United  States  is  also  very  significant,  and  foreign  participation  in 
the  construction  of  large  and  expensive  detectors  in  the  U.S.  is  substantial. 

In  1990  Western  Europe  will  have  completed  LEP  and  HERA,  the  two  most 
advanced  machines  in  the  world.    On  the  other  hand,  U.S.  facilities  will 
approach  the  end  of  their  useful  exploitation  in  the  1990's.    For  these 
reasons,  the  construction  of  a  next  generation  facility  located  in  the  U.S. 
seems  essential  to  the  continued  health  of  the  U.S.  High  Energy  Physics 
program,  irrespective  of  the  level  of  international  participation  in  its 
construction  or  operation.    The  decision  that  the  machine  to  fill  that  role 
should  be  the  SSC  (with  parameters  defined  above)  is  based  on  thorough  study, 
taking  into  account  the  state  of  knowledge  today  and  in  the  future  both  of 
elementary  particle  physics  and  or  collider  technology. 
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III.    THE  ROLE  OF  A  HADRON  COLLIDER  IN  THE  LEP  TUNNEL  AT  CERN,  GENEVA 

(a)  The  issue 

Since  a  very  high  energy  proton-proton  collider  has  been  identified  as  the 
next  logical  step  in  high  energy  physics  tools,  the  role  of  a  possible  hadron 
collider  (LHC)  located  in  the  LEP  tunnel  needs  to  be  discussed  and  related  to 
SSC  planning.    Such  a  discussion  is  relevant  both  in  respect  to  the  LHC  as  a 
possible  target  of  international  collaboration  and  also  as  a  possible  compari- 
son or  alternate  to  the  SSC  in  the  United  Statea.    The  LHC  would  be  consider- 
ably less  costly  than  the  SSC;  but,  as  made  clear  below,  much  of  that  saving 
is  due  not  so  much  to  the  existence  of  the  tunnel  or  the  CERN  infrastructure 
as  to  the  much  more  restricted  capability  imposed  upon  the  project  by  the 
tunnel. 

The  technical  opportunities  offered  by  placing  a  proton  collider  in  the 
LEP  tunnel  have  been  analyzed  by  a  European  s>tudy  last  year  in  Lausanne, 
Switzerland,  and  have  since  been  under  additional  study.    The  LEP  tunnel  has  a 
circumference  of  27  kilometers  which  is  rbout  one-fourth  of  that  planned  for 
the  SSC.    The  placement  of  a  proton  collider  in  that  tunnel  would  restrict  the 
available  collision  energy  accordingly.    Roughly  speaking,  the  single  beam 
energy  in  TeV  available  in  the  LEP  tunnel  would  be  between  0.8  and  0.9  times 
the  magnetic  field  measured  in  Tesla  attained  by  the  bending  magneta. 

(b)  Comparison  with  a  u.S  Facility 

The  principal  argument  for  the  LHC  is  the  existence  of  the  27-kilometer 
tunnel.    The  cost  of  the  90-kilometer  tunnel  for  Design  A  in  the  Reference 
Design  Report  is  about  $5<^M  (in  FY  *84  dollars),  including  ED&I  and  con- 
tingency.   Scaling  this  down  to  27  kilometera  would  give  the  U.S.  equlval  at 
of  the  LEP  tunnel  a  value  below  $200M.    In  addition,  the  existence  of  the  CERN 
infrastructure  would  reduce  the  required  initial  inveatment.    However,  the 
extent  to  which  the  existence  of  such  an  infrastructure  ahould  affect  the  site 
choice  is,  of  course,  also  of  direct  relevance  in  considering  the  Fermi lab 
alternative  as  one  of  the  choices  for  siting  the  SSC  in  the  United  Statea. 
Thus,  if  the  LHC  is  to  be  considered  aa  a  viable  alternative  with  its  draatic 
restriction  in  energy  by  about  a  factor  of  3  below  that  of  the  SSC,  one  ahould 
compare  the  merits  and  costs  of  the  LHC  with  those  of  an  American  machine 
sited  at  Fermi lab  with  a  proton-proton  center  of  masa  energy  in  the  10  to  15 
TeV  range,  not  with  a  40  TeV  SSC  laboratory. 

(c)  Construction  and  Operation 

The  moat  important  Reason  militating  againat  placing  the  LHC  in  the  tunnel 
also  used  for  the  LEP  e  e    collider  has  to  do  with  the  realities  of  construc- 
tion and  operationa.    LHC  construction  would  require  corresponding  LEP  opera- 
tional shutdowns;  if  such  shutdowns  are  in  any  case  required  for  reaaona  of 
fiscal  stringency,  one  could  well  aak  why  the  funda  required  for  the  LHC  might 
not  be  better  used  for  relieving  such  fiscal  pressures. 

During  operation  one  would  face  the  aerious  problem  that  two  major 
colliders  (LEP  and  LHC)  are  housed  in  a  single  radiological  enclosure  and  that 
the  detectors  required  for  these  two  programs  are  largely  incompatible. 
Interleaved  construction  and  utilization  of  the  LEP  tunnel  for  electrona  and 
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protons  would,  as  a  practical  matter,  Involve  costly  complexities  in  the 
interaction  regions.    Maintenance,  repair,  or  upgrading  operations  on  any  of 
the  detectors  or  the  two  colliders  could  require  shutdown  of  a  large  fraction 
of  the  world's  high  energy  physics  program. 

(d)  Conclusion 

In  general,  we  nave  strong  reservations  about  permitting  the  existence  of 
an  enclosure  such  as  a  tunnel  to  be  controlling  on  so  important  a  decision  as 
the  fixing  of  plans  /or  tt;e  SSC.    In  retrospect,  there  is  now  general  agree- 
ment in  the  United  States  that  although  construction  of  the  superconducting 
Saver  and  Tevatron  complex  has  been  a  highly  successful  enterprise,  it  would 
have  been  a  great  deal  more  cost-effective  to  have  constructed  the  supercon- 
ducting ring  in  an  Independent  tunnel  concentric  to  the  housing  for  the 
conventional  magnet  machine.    The  projected  saving  through  utilization  of  the 
LEP  tunnel  does  not  appear  sufficient  to  compensate  for  the  serious  limitation 
in  energy  and  impairment  of  operational  flexibility. 

For  the  above  reasons,  including  the  Importance  to  the  health  of  the  U.S. 
program  02'  a  next  generation  facility  located  in  the  U.S.,  we  do  not  consider 
U.S.  participation  in  the  LHC  construction  as  a  viable  alternative  to  SSC 
construction  in  the  U.S.,  carried  out  either  as  a  purely  American  effort  or 
involving  various  degrees  of  international  collaboration. 

IV.    MODALITIES  OF  INTERNATIONAL  COLLABORATION  IN  RESPECT  TO  THE  SSC 

We  fully  support  international  participation  in  the  SSC  program.  This 
Includes  participation  in  R&D,  planning,  design,  and  construction  of  the 
machine  proper  and  its  major  detectors,  and  exploitation  of  its  physics 
potential.    However,  negotiations  toward  this  end  should  not  delay  the  con- 
struction schedule. 

He  recognize  that  one  strong  motive  for  international  collaboration  is  the 
potential  reduction  of  cost  to  the  U.S.  government.    We  therefore  examine  the 
extent  to  which  such  cost  reduction  can  be  achieved  during  the  construction 
and  operating  phases. 

(a)   Sharing  of  Construction  Costs 

We  begin  our  analysis  by  assuming  that  the  Japanese  and  West  European  high 
energy  physics  funding  profiles  remain  approximately  level. 

In  that  case,  the  vigorous  pursuit  by  both  Europeans  and  Japanese  of  their 
own  programs  leaves  few  resources  available  for  SSC  construction  coat  sharing. 
Western  European  commitments  to  LEP,  HERA  (electron -proton  collider)  and  their 
associated  detectors,  as  well  as  to  the  upgr&41ng  of  other  facilities  such  as 
the  SppS  will  require  virtually  all  of  the  as?  uued  funding  at  least  until 
1991.    As  shown  in  Fig.  1  the  European  program  already  runs  at  about  twice  the 
level  measured  in  terms  of  Total  Gross  National  Product  relative  to  the 
American  program. 

Recently,  at  the  initiative  of  President  Hltterand  of  France,  interna- 
tional collaboration  in  science  has  become  part  of  the  Versailles  Summit 
processes;  high  energy  physics,  with  the  U.S.  as  the  leading  country,  has 
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become  a  subactivl*y  under  that  process.    Several  deliberations  of  the  West 
European  co**3unlty  together  with  Japan  under  the  Summit  process  have  been  held 
and  reports  on  long-range  plans  nave  been  Issued.    These  activities  strengthen 
further  the  International  interest  In  high  energy  physics  although  they  do  not 
of  themselves  extend  much  hope  that  significant  cost  sharing  during  the  con- 
struction process  of  the  SSC  Is  a  reasonable  prospect. 

Jipan  la  committed  to  completing  Its  high  energy  e*e"  storage  ring, 
TRISTAN i  located  at  KEK,  Tsukuba,  and  to  the  construction  of  equipment  to 
utilize  the  resulting  collisions.    A  high  level  U.S.  governmental  delegation 
last  year  invited  poss*ols  Japanese  collaboration  In  the  construction  of  the 
SSC,  and  the  matter  has  also  been  discussed  by  several  international  planning 
bodies,    it  appears  clear  that  Japanese  high  energy  physics  resources  are 
fully  committed  through  the  TRISTAN  effort  for  several  years,  and  that  It  may 
take  some  time  to  solidify  Japanese  plans  beyond  that.    Should  such  plans 
include  participation  in  SSC  construction,  Japanese  contributions  would  most 
likely  be  In  the  form  of  high  technology  components. 

Comparison  with  the  recent  International  participation  in  the  construction 
of  the  HERA  project  at  Hamburg,  Germany,  might  be  useful.    Here  approximately 
20%  of  the  construction  funds  have  apparently  been  successfully  sought  from 
other  European  countries  and  Canada,  with  the  expected  contributions  In  the 
form  of  technical  components.    This,  in  turn,  has  led  to  Inquiries  whether 
German  interest  Is  well  served  by  having  some  of  the  highest  technology  prod- 
ucts procured  abroad  for  a  relatively  small  financial  contribution.  Moreover, 
the  construction  design  management  of  the  HERA  facility  is  being  made  signifi- 
cantly more  conplex  (and  therefore  costly)  through  the  need  to  coordinate  the 
design  In  detail  with  the  designated  foreign  sources  and  through  the  reduced 
flexibility  In  choice  of  vendor  which  the  prior  commitment  to  foreign  sources 
implies.    As  a  result,  while  foreign  participation  in  HERA  has  Indeed  been  a 
positive  st*p  in  terms  of  securing  international  recognition  and  commitment 
fcr  the  HERA  project,  It  may  not  lead  to  a  large  reduction  In  the  construction 
cost  borne  by  the  Germans. 

This  pessimistic  assessment  of  substantial  foreign  resources  for  SSC 
construction  could  be  modified  if  European  and/or  Japanese  suoport  increased 
to  permit  a  collaborative  construction  effort,  as  the  result  of  a  decision  by 
ttn  i>-esldsnt  of  the  United  States  together  with  foreign  chiefs  of  government 
to  deslg.'ste  the  SSC  as  a  Joint  undertaking  to  supplement  national  programs, 
to  serve  aj  a  spectacular  demonstration  of  international  amity. 

We  conclude  that  International  collaboration  cannot  provide  a  major  offset 
to  the  U.S.  borne  construction  costs  for  the  SSC  unless  substantial  new 
resources  beyond  those  presently  roreseen  are  provided  to  European  and/or 
Japanese  high  energy  , hysics  programs. 

(b)   Sharing  of  Equipment  Costs 

It  Is  already  common  practice  that  costs  for  major  research  equipment  be 
shared  Internationally;  In  fact,  as  noted  above,  the  U.S.  has  earmarked 
ol3nlf leant  funds  of  its  High  Energy  Physios  budget  to  the  construction  of 
detector  facilities  to  be  used  at  forei~>n  participation  In  the  CDF  detector  as 
well  a*  several  other  U  S.  experimental  facilities.    Thus  its  scientific 
exploitation  should* be  on  a  truly  international  basis. 

V.    RECOtttEKDATIOM  FDR  INTERNATIONAL  PARTICIPATION  IN  THE  SSC  PROGRAM 

We  recommend  that  construction  of  the  SSC  should  be  planned,  supported, 
and  authorized  within  the  national  U.S.  program.    Based  on  such  a  national 
commitment,  international  participation  in  terms  of  contr '.but ions  of  funds, 
personnel  and  technical  components  should  be  sought  from  foreign  countries  at 
all  levels  of  R&D,  design,  engineering,  construction,  and  exploitation. 
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INTRODUCTION 


The  Working  Group  on  High  Energy  Physics  is  completing  its  second  year  of 
activities  under  the  Versailles  Economic  Summit  initiative  in  science  and 
technology  (see  Appendix  A).    This  report  to  the  Summit  Working  Group  on 
Technology,  Growth,  and  Employment  (TGE)  documents  the  progrecs  since  the 
Londcr,  Economic  Summit  of  1984  (see  Appendix  B). 

High  energy  physics  has  benefitted  from  a  long  history  of  cooperation 
throughout  the  worldwide  science  community.    The  field  has  now  advanced  to 
the  point  where  the  next  steps  in  research  will  likely  require  large 
expensive  machines  and  continued  and  improved  collaboration  to  use  resources 
in  the  most  cost-effective  manner.    This  situation  was  noted  by  the  TGE 
Working  Group  when  it  selected  high  energy  physics  as  one  of  the  areas  of 
science  and  technology  in  which  international  collaboration  could  aid 
economic  growth 

"Science  and  technology  are  a  source  of  national  and  international 
strength  and  can  provide  immense  opportunities  for  revita  1  izatlon  and 
growth  of  the  world  economy.    They  should,  therefore,  be  given 
consideration  1n  alj_  pol  icy  decisions  for  national  development  and 
international  cooperation. 

"Fundamental  scientific  research  is  one  source  of  technological 
progress  in  industry  and  should  be  given  support  by  governments." 


Upon  ratification  of  the  1983  report  by  the  Economic  Summit  leaders  at 
Wi  1 1 lamsburg,  the  member  countries  and  the  Commission  of  the  European 
Communities  each  sent  a  high  level  political  representative  of  their 
government  to  Washington,  D.C.  at  the  invitation  of  the  United  States,  the 
lead  country  for  the  high  energy  physics  Summit  project  (see  Appendices  C 
and  0).    This  Working  Group  discussed  what  might  be  its  response  to  the 
instructions  from  Williamsburg  and  agreed  to  meet  again  after  completion  of 
a  study  by  an  ad  hoc  group  of  technical  experts  it  impaneled  to  identify 
areas  of  accelerator  and  detector  technology  development  for  near-term 
international  collaboration.    The  result?  \f  the  study  were  reported  to  the 
London  Summit     Moreover,  the  Working  Group  said  in  its  report  that  it  would 
organize  additional  subpanels  before  the  following  Summit  to  identify  the 
types  of  facilities  that  will  be  required  to  continue  effective  progress  in 
high  energy  physics  (see  Appendices  E  and  F). 

The  London  Summit  of  1984  acknowledged  the  progress  of  this  Working  Group, 
aong  with  the  other  Summit  projects,  and  asked  that  further  work  be  pursued 
and  reported  to  a  personal  representative  in  time  for  the  next  Economic 
Summit,    now  scheduled  for  Bonn  in  May  1S85. 


Report  to  the  Williamsburg  Summit 
January  1983 
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The  activities  since  the  London  Sumrit  have  been  guided  by  a  statement  of 
the  TGE  Working  Group: 

"Effective  cost  sharing  is  becoming  a  more  important  element  in  the 
construction  of  major  new  facilities.   Collaborative  projects  would 
benefit  if  coherent  long-range  plans  for  the  construction  and  sharing 
of  facilities  in  our  countries  were  to  be  developed." 

A  meeting  of  the  Working  Group  on  High  Energy  Physics  was  convened  in 
Brussels,    Belgium,  in  July  1984,  and  impaneled  new  groups  of  technical 
experts  to  report  on  long-term  planning,  technical  collaborations,  and  the 
identification  of  administrative  obstacles  experienced  within  the  Summit 
countries  that  Impede  international  collaboration.   The  charges  to  these 
three  new  groups  are  contained  in  this  report  under  the  section  on  the 
Brussels  meeting. 

The  reports  prepared  by  the  technical  experts  were  then  reviewed  at  the 
January  1985  meeting  at  Cadarache,  France,  and  the  results  are  contained  1n 
this  report  under  the  section  on  the  Cadarache  meeting. 

The  Sunmit  Working  Group  on  High  Energy  Physics  believes  progress  1s  being 
made  toward  cooperation  among  the  Summit  countries  "in  the  exploration  of 
scientific  and  technological  development"  upon  which  the  Summit  Heads  of 
State  and  Government  declared  at  Versailles  "revital 1zat1on  and  growth  of 
the  world  economy  will  depend—to  a  large  extent."   At  Cadarache,  the  Group 
found  that,  since  its  establishment,  International  collaboration  has 
increased  in  the  use  of  present  accelerators  and  in  the  planning  for  future 
accelerators.  The  Group  also  found  that  there  are  specific  areas  of 
technology  in  which  near-term  research  cooperation  is  possible.  Finally, 
the  Group  identified  administrative  regulations  that  hamper  effective 
international  collaboration  in  science  and  technology  and  that  could  be 
revised  or  eliminated  through  coordinated,  high  level  Summit  action. 

The  major  accomplishment  of  the  Working  Group  thus  far  has  been  the  creation 
of  a  forum  for  discussions  on  collaboration  in  a  major  field  of  science  by 
seven  industrialized  countries.   The  Group  recommends  the  continuation  of  Its 
review  of  long-term  plans  for  major  facilities  on  an  intergovernmental 
basis. 


Or.  Alvin  W.  Trivelpiece 

Leader  of  the  Summit  Working  Group  on 

High  Energy  Physics 

U.S.  Department  of  Energy 
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Activities 
Brussels,  Belgium 
July  2  and  3,  1984 


A  meeting  of  the  Working  Group  on  High  Energy  Physics  was  convened  in 
Brussels,  Belgium  in  July  1984.   At  this  meeting  new  groups  of  technical 
experts  were  impaneled.  Areas  of  study  of  these  groups  were  long-range 
planning,  technical  collaboration,  and  the  identification  of  administrative 
obstacles  which  hamper  increased  scientific  collaboration. 

In  this  section  we  include  the  opening  statement  for  the  Brussels  meeting 
presented  by  Dr.  Alvin  W.  Trivelpiece,  the  charges  to  the  subpanels 
developed  at  the  Brussels  meeting,  and  the  listing  of  subpanel  members  for 
the  new  groups  which  were  impaneled  at  the  Brussels  meeting.  The  agenda  and 
attendees  for  the  Brussels  meeting  are  contained  in  Appendix  G. 
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High  Energy  Physics  Working  Group  Meeting 
Brussels,  Belgium 
July  2  and  3,  1984 


A*  W*  Trive'piece 
Openir.;  Remarks 


At  the  Versailles  Summit  meeting,  some  statements  were  made  regarding  the 
importance  of  cooperation  in  science  and  technology  to  the  world  economy* 
In  particular,  it  was  agreed  that: 

"Revitalization  and  growth  of  the  world  economy  will  depend,  not 
only  on  uur  own  efforts,  but  also,  to  a  large  extent,  upon 
cooperation  among  our  countries  and  with  other  countries  in  the 
exploitation  of  scientific  and  technological  development ♦  " 
It  was  further  agre  d  to  set  up  a  working  group  of  representatives  fr  ,n  the 
seven  Summit  countries  and  the  European  Commission  to  identify  activities 
that  would  help  attain  these  objectives*    This  group  made  recommendations  in 
a  report  that  was  accepted  by  the  Summit  countries  and  reviewed  at  the 
Williamsburg  Summit* 

Several  of  the  conclusions  and  recommendations  of  the  Summit  working  group 

provide  the  basis  for  our  meeting  here  in  Brussels*    Among  them: 

o      "Fundamental  scientific  research  is  one  source  of 

technological  progress  in  industry  and  should  be  given 
support  by  governments 

o      "Science  and  technology  are  a  source  of  national  and 
international  strength  and  can  provide  immense 
opportunities  for  revitalization  and  growth  of  the 
world  economy*    They  should  therefore  be  given  consider  .- 
tion  in  al^  policy  decisions  for  national  development 
and  international  cooperation*" 

They  further  recommended  that  the  Heads  of  State  and  Government  "***taka 

science  and  technology  into  account  in  their  policy  decisions  and  continue 

to  include  the  ruoject  on  their  agenda  at  future  Summit  meetings*" 
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One  of  the  areas  that  they  recommended  be  considered  for  enhanced 
cooperation  is  high  energy  physics. 

The  report  that  they  prepared  was  adopted  by  the  Summit  members  and 
subsequently  ratified  by  the  Williamsburg  Summit  process.  Following 
Williamsburg,  it  became  clear  that  some  response  to  tie  recommendation  of 
the  Working  Group  was  called  for.    Since  the  U.S.  was  the  lead  country  and 
appropriate  interest  at  a  high  level  in  government  was  called  for,  I  invited 
the  Summit  countries  and  the  Commission  of  the  European  Communities  to  send 
a  high  level  political  representative  of  their  government  to  discuss  the 
actions  that  we  might  take  to  be  responsive  to  the  instructions  that  were 
both  explicit  and  implicit  from  the  Williamsburg  Summit. 

In  particular,  we  were  obliged  to  prepare  a  progress  report  on  those 
activities  *h*t  we  decided  to  have  carried  out  and  to  report  any  progress  to 
the  London  Summit.    Such  a  report  was  prepared.    It  contained  a  summary  of 
our  first  meeting  of  3,  4  October  1983  as  well  as  the  report  of  the 
technology  cooperation  panel  we  established. 

One  conclusion  reached  ot  the  3  Octotar  meeting  was  that  international 
cooperation  in  high  energy  physics  was  going  rather  well  and  that  no  serious 
problems  were  evident.  • 

Some  of  the  discussion  focussed  on  the  problems  associated  with  the  fact 
that  several  of  the  members  had  programs  that  had  long-range  plans  that 
might  be  in  competition  with  one  another.    For  this  reason,  it  was  decided 
at  that  time  not  to  establish  any  technical  panels  to  examine  the  question 
of  cooperation  on  major  future  facilities. 
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Rather,  it  was  decided  to  establish  a  technical  subpanel  to  examine  areas  of 
accelerator  technology  that  might  ue  enhanced  by  Increased  cooperation 
without  confronting  the  major  facilities  issue  directly*    This  panel  was 
chaired  by  Professor  Richter  who  will  describe  the  panel's  activities  and 
recommendations  after  I  have  finished* 

The  deliberations  of  3  and  4  October,  as  well  as  the  technical  subpanels 
report,  served  as  the  input  for  the  report  of  the  Working  Group  on 
Technology,  Growth  and  Employment  to  the  London  Summit*    In  this  report 
there  are  two  items  to  whlcn  I  wish  to  call  attention*   One  of  these  1s 
Paragraph  No*  22  of  the  report  which  states: 

"Effective  cost  sharing  is  becoming  a  more  important  element  1n 
the  construction  of  major  new  facilities*    Collaborative  projects 
would  benefit  if  coherent  <ong-range  plans  for  the  construction 
and  sharing  of  facilities  1n  our  countries  were  to  be  developed," 
The  second  Item  in  this  report  is  the  high  energy  physics  summary  page  that 
describes  the  aim,  activities,  and  outlook  for  this  area* 

In  particular,  it  says  that  before  th>  Bonn  Summit  next  June  we  should 
organize  some  subpanels  to  identify  the  facilities  that  will  be  required  to 
continue  to  make  effective  progress  in  this  field,  regardless  of  where  the 
facilities  are  located* 

This  report  was  accepted  by  the  London  Stmmlt*    The  communique  Issued  after 
the  Summit  dealt  mostly  with  economic  concerns,  but  1t  also  took  special 
note  of  the  progress  made  1n  the  18  areas  of  cooperation  and  "invited"  the 
group  to  "***pursue  further  work  and  to  report  to  a  personal  representative 
1n  time  for  the  next  economic  Summit*" 
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This  is  an  important  opportunity  that  is  not  without  its  risks.    Many  of  the 
political  leaders  that  I  come  in  contact  with  state  rather  categorically 
that  it  is  ridiculous  to  even  consider  duplicating  major  facilities  in 
several  areas  of  science  or  technology  just  for  the  purpose  of  scientific 
competition.    So  the  risk  is  that  unless  we  develop  plans  or  programs  that 
avoid  unnecessary  duplication,  we  may  find  that  needed  facilities  may  not  be 
forthcoming  anywhere.    The  opportunity  aspect  stems  fron  the  fact  that  the 
Heads  of  State  of  the  Summit  countries  have  formally  recognized  the 
important  role  that  basic  research  plays  in  future  economic  development,  and 
have  asked  what  kind  of  collaboration  is  feasible  for  major  facilities  and 
some  of  the  ancilliary  aspects  of  their  operation. 

I  see  our  task  here  in  the  next  two  days  as  one  of  identifying  the  charters 
for  several  i^iels  that  will  involve  representatives  for  the  Summit 
countries,  or  others  if  appropriate,  to  do  the  required  work  and  report  back 
to  this  group  their  findings,  conclusions,  and  recommendations.    The  object 
is  not  to  solve  these  problems  prior  to  adjournment,  but  to  be  satisfied 
that  the  necessary  tasks  have  been  commissioned,   i  would  remind  you  that  we 
should  not  u:;e  this  forum  to  seek  solutions  to  the  many  minor  problems  that 
crop  up  in  the  normal  course  of  international  cooperation,  but  rather  we 
should  focus  our  efforts  on  developing  the  information  that  rfi  1  convince 
the  Heads  of  State  and  the  legislative  bodies  of  these  states  that  there  is 
a  rational  plan  or  process  by  which  high  energy  physics  can  proceed  on  a 
wtrldwide  scale  without  duplication  of  ccstly  facilities.   I  believe  that  it 
would  be  foolish  to  not  take  full  advantage  of  the  opportunity  presented  by 
the  Summit  process.    I  look  forward  to  lively  and  constructive  discussions 
on  these  subjects. 
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SUMMIT  WORKING  GROUP 


on 


HIGH  ENERGY  PHYSICS 
BRUSSELS,  BELGIUM 
JULY  2  AND  3,  1984 


CHARGES  TO  SUBPANELS 


PREAMBLE 


The  Econonic  Summit  leaders  endorsed  the  report  of  the  Working 
Group  on  Technology,  Growth  and  Employment  presented  to  then  at  their 
London  meeting  of  June  1984,    In  the  Communique  the  leiders  invited 
the  Working  Group  to  pursue  further  work  and  to  report  to  personal 
representatives  In  time  for  the  next  economic  summit* 

High  energy  physics  has  made  remarkable  progress  over  the  past 
decades,  and  a  significant  smount  of  the  work  has  been  done  through 
international  collsboration*    It  iw  clear  that  progress  In  this  field, 
dedicated  to  understsnding  the  structure  62  matter  and  the  forces  of 
nature  st  their  most  fundamental  level,  requires  major  facilities  that 
stretch  technology  and  challenge  industry,  and  requires  more  effective 
methods  of  using  existing  snd  new  facilities* 

To  facilitate  the  advance  of  this  aclence,  three  new  subpanels 
have  been  created  at  the  Brussels  meeting  of  the  High  Energy  Physics 
Summit  Working  Group*    These  subpanels  are  herein  presented  with 
charges  to  report  on  the  implementation  of  paragrsph  22  of  the  report 
presented  to  the  London  Summit  meeting,  to  suggest  administrstive 
remedies  in  certain  sreas  thst  will  enhance  the  effectiveness  of 
international  collaboration;  and  to  report  on  the  status  of  technical 
collaboration  between  Summit  nations  in  certain  areas. 

SUBPANEL  FOR  LONG-TERM  PLANNING  (Dr*  H*  A.  Atkinson,  United  Kingdom, 
lead)  ~ 

In  consideration  of  the  report  of  the  Working  Group  on  Technology, 
Growth  snd  Employment  to  the  London  Economic  Summit,  the  Summit 
Working  Group  on  High  Energy  Physics  has  set  up  a  subpanel  to  provide 
s  forum  to  consider  the  implements t ion  of  paragraph  22  of  the 
aforementioned  report  in  respect  to  the  field  of  High  Energy  Physics 
(HEP).    Paragraph  22  reads  as  follows: 

"Effective  cost-sharing  is  becoming  a  more  importsnt  element  In 
the  construction  of  major  new  facilities*    Collaborstive  projects 
would  benefit  if  coherent  long-term  plana  for  the  cona traction  snd 
sharing  of  facilities  in  our  countries  were  to  be  developed*** 

The  subpanel  will  be  provided  by  the  Summit  nations  with  their 
plans  sad  proposals  for  high  energy  physici ,  and  with  progress  reports 
on  existing  major  fscillties*    They  will  also  take  account  of  plans 
for  high  energy  physics  worldwide* 
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Although  it  is  important  to*  proceed  in  as  timely  a  manner  as 
possible,  it  oust  be  recognized  that  the  production  of  such  plans  will 
take  tine  and  that,  by  the  nature  of  high  energy  physica  which  is 
driven  by  scientific  need  and  technological  advance,  plans  will 
develop  and  chan&e  as  tine  gc^s  on*    The  subpanel  will  report 
periodically  to  the  Working  Group  on  HEP  on  such  coherent  long- tern 


SUBPANEL  ON  TECHNICAL  COLLABORATION  (Dr*  D.  G.  Staira,  Canada,  lead) 

In  consideration  of  the  technical  recommendations  of  the  Subpanel 
on  Improving  International  Collaboration  in  High  Energy  Phyaics 
(February  1984)  accepted  at  Brussels,  the  Summit  Working  Group  on  High 
Energy  Physics  created  a  new  subpanel  to  review  the  activities  that 
are  underway  or  planned  to  carry  out  such  recommendations* 

SUBPANEL  ON  ADMINISTRATIVE  ISSUES  (Dr.  P.  Fasella,  European 
Communities,  lead)         "  " 

In  consideration  of  administrative  issues  raised  by  the  Subpanel 
on  Improving  Collaboration  in  High  Energy  Physics  (February  1984)  the 
Summit  Working  Group  on  High  Energy  Physics  created  a  new  subpanel  to 
address  issues  in  three  areas: 

1.  CUSTOMS 

The  field  of  high  energy  physics  involves  experiments  in  which 
there  is  extensive  collaboration  in  the  design,  construction  and 
sharing  of  complicated  and  expensive  apparatus.    In  most  cases  a 
detector  or  a  sicilar  item  may  include  pieces  of  the  apparatus  from 
several  countries  that  are  assembled  into  a  complete  system,  which,  in 
turn,  is  then  shipped  to  another  country  for  use  in  an  experiment* 
This  procedure  is  now  being  applied  to  cccelerator  construction. 

In  some  cajes,  taxes  or  tariffs  on  some  piece  of  the  system  may  be 
charged  or  the  duty-free  use  may  be  restricted  to  a  specific  period  of 
time.    Thic  situation  represents  a  serious  impediment  to  the  kinds  of 
scientific  exchanges  encouraged  by  the  Summit  process,  as  endorsed  by 
the  Heads  of  State.    The  duty-free,  extended-time  transfer  of 
scientific  apparatus  or  components  from  one  nation  to  another  would 
substantially  improve  the  ability  of  high  energy  physicists  to 
effectively  and  economically  conduct  their  experiments* 

CHARGE;    Each  Head  of  Delegation  shall  be  responsible  to  appoint 
an  individual  to  determine  the  nati re  of  the  problems  covered  by 
present  customs  practices*    This  fact-finding  activity  should  be 
summarized  in  a  brief  report  to  the  European  Communities'  designee, 
who,  in  turn,  has  the  lead  responsibility  for  preparing  a  report  to 
the  Summit  WorV  ng  Group  on  High  Energy  Physics*    This  report  should 
Identify  the  problems  and  make  recommendations  for  solutions  to  these 
problems • 
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2.    DATA  COMMUNICATIONS 

I ap roved  data  transmission  facilitiea  are  of  great  importance  in 
furthering  the  aim  of  the  Summit  Group  to  expand  and  improve 
international  collaboration  in  science.    Data  transmission  rates  of  10 
kilo-baud  to  mega-baud  are  required  for  the  transmission  of  text, 
programs,  program  output,  graphics  and  dat£*    Networks  exiat  within 
individual  countries  and  between  certein  countries;  but  there  appear 
to  be  barriers  to  cost-effective  international  communications  arising 
from  national  telecommunication  policies*    For  example,  a  recent 
attempt  to  institute  a  network  between  Europe  and  the  United  States 
was  unsuccessful c 

If  these  barriers  were  to  be  overcome,  the  benefit  to  science 
would  be  great  in  that  individual  groups  could  function  more 
effectively  In  international  collaboration  *rom  their  home  base  ir  all 
phases  of  their  work,  from  preparing  proposals  through  running  an 
experiment  to  the  analysis  of  results* 

To  improve  the  existing  situation  it  is  necessary  to  analyze  the 
data  transmission  requirements  as  a  fur ct ion  of  bandwidth,  and  to 
determine  the  technical  and  institutional  barriers  to  more  effective 
communications*    Accordingly,  a  working  group  is  to  be  established 
with  the  charge  to: 

1*    Estimate  the  international  traffic  requirements  at  various 
bandwidths  over  the  next  decade* 

2*  Summarize  the  barriers  to  cost-effective  computer-to-computer 
communications  from: 

a*    Technical  factors 

b*    Economic  factors 

c*    National  telecommunication  policies 

3*    Suggest  methods  to  improve  the  present  situation* 

3*    PERSONNEL  EXCHANGES 

High  Energy  Physics  is  already  an  activity  with  a  highly  developed 
international  aspect:  nationals  of  one  country  oiten  work  in  another 
on  both  short-term  and  long-term  bases*    This  can  cause  problems 
associated  with  visas  and  with  work  permits,  Including  work  permits 
for  family  members.    There  can  also  be  serious  social  problems  which 
restrict  mobility  of  personnel*    High  energy  physics  has  had 
experience  with  theae  problems  over  a  long  period,  but  it  is 
inevitable  that  they  will  arise  in  other  scientific  activitiea  as 
these  become  increasingly  international  in  character* 
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To  facilitate  mobility  among  scientific  and  technical  personnel, 
it  would  be  desirable  if  summit  nations  could  reduce  or  remove  social 
and  legel  barriers*    The  Summit  Working  Group  on  High  Energy  Physics 
therefore  proposes  that  a  panel  be  convened  to  investigate  and 
document  the  type  and  extent  of  such  problems  snd  to  recommend  how 
they  cculd  be  solved.    For  example,  one  possibility  would  be  to  accord 
special  status  to  cover  collaborative  scientific  work. 

Ihe  Panel  should  be  composed  of  technical  experts  from  the  Summit 
nations  suitably  advised  by  members  of  the  high  energy  physics 
community  with  direct  experience  with  these  problems. 

The  head  of  each  delegation  will  appoint  one  delegate  to  the 
subpanel  on  planning  and  one  for  technical  collaboration.    He  will 
appoint  three  delegates  from  the  subpanel  on  administrative  issues, 
one  for  each  issue.    The  nsmes  of  the  delgatec  will  be  made  known  to 
the  leader  of  the  Summit  Working  Group  on  High  Energy  Physics  and  to 
the  appropriate  subpanel  leader  by  August  1,  1984.    The  delegate  may 
be  accompatned  by  one  or  two  advisers  from  his  nation  at  reetings  of 
his  particular  subpanel.    The  first  report  a  from  t'.ie  subpanels  are  due 

it0  ?22elealf  f  °f  the  SuDDit  Workin8  GrouP  on  HEP  no  later  than  January 
l,  This  Working  Group  has  set  aside  the  days  of  January  12,  13 

and  14,  1985  for  a  meeting  in  France  to  review  these  reports,  as 
necessary. 
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Long-Tern  Planning: 

United  Kingdom: 

Canada: 

European  Communities: 


France: 
Germany: 
Italy: 
Japan: 

United  Kingdom: 
United  States: 


Smmit  Working  Group 
High  Energy  Physics 
Subpanel  Heaters 


Dr.  H.  H.  Atkinson  (Chairman) 
Director,  Science 

Science  and  Engineering  Research  Council 

Professor  J.  D.  Prentice 
Department  of  Physics 
University  of  Toronto 

Professor  H.  Schopper 
D1re-/„of-General  of  CERN 

Dr.  0.  Sacton 

ECFA  -  Chairman 

Un1vers1te  Libre  de  Bruxelles 

N.  Pierre  Lehmann 

Dlrecteur,  Scientific  de  Physique  Nuclealre 
et  Corpusculalre  du  CNRS 

Professor  Volker  Soergel 
Chairman  of  the  DESY  Directorate 
Deutsches  Elektronen-Synchrotron  (OESY) 

Dr.  Nicola  Cablbbo 
President 

National  Institute  of  Nuclear  Physics  (INFN) 

Professor  Yor1k1yo  Nagashlma 
Faculty  of  Science 
Osaka  University 

Dr.  Derek  Col  ley 
Physics  Department 
Birmingham  University 

Dr.  Jack  Sandwelss  (Principal  Member) 
Department  of  Physics 
Yale  University 

Dr.  Leon  Lederman 
Director 

Fermi  National  Accelerator  Laboratory 
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United  States: 
(Continued) 


Professor  Burton  Ri enter 
Director 

Stanford  Linear  Accelerator  Center 

Professor  Maury  Tigner 

URA  SSC  Central  Design  Group 

Lawrence  Berkeley  Laboratory 


Technical  Collaboration: 


Canada: 


European  Communities: 


France: 

Germany: 
Italy: 

Japan: 

United  Kingdom: 


United  States: 


Dr.  D.  G.  Stairs  (Chairman) 
Department  of  Physics 
McGill  University 

Dr.  Ewart  Blackmore 
TRIUMF 

University  of  British  Columbia 

Dr.  G.  Brianti 
CERN 

Dr.  E.  Lillestol 
Department  of  Physics 
University  of  Bergen 

M.  Joao  Meyer 
DPHPE 

CEN-Saclay 

Professor  Gustav  Voss 

Deutsches  El ektronen-Synchrotron,  (DESY) 

Professor  Sergio  Tazzari 
Director 

Laboratori  Nazionali  di  Frascati 

Professor  Kunitaka  Kondo 

Institute  of  Physics 

The  University  of  Tsukuba 

Professor  D.  M.  Binnie 

Department  of  Physics 

The  Blackett  Laboratory 

Imperial  Colleye  of  Science  and  Technology 

Dr.  J.  J.  Thresher  (Advisor) 
Rutherford  Appleton  Laboratory 

Mr.  Paul  J.  Reardon 

Associate  Director,  High  Energy  Facilities 
Brookhaven  National  Laboratory 
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Ad»1n1strat1ve  Issues: 
European  Cownunlties: 

Customs: 

Canada: 

European  Communities: 
France: 

Germany: 

Italy: 

Japan: 

United  States: 

Data  Co— uni cations: 
Canada: 

European  Communities: 
France: 
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Professor  Paolo  Fasella  (Chairman) 
Director  General  for  Science, 

Research,  and  Development  DGXII 
Commission  of  the  European  Commulnities 


Mr.  W.  T.  Rowe 

Administrative  Services  Branch 
National  Research  Council 

M*  Lazanski 
CERN 

M.  Bernard  Deler 

Assistant  to  the  Director  of  IRF 

CEN-Saclay 

Dr.  Helmut  Krech 

Deutsches  El ektronen-Synchrotron  (DESY) 

Dr.  Harcello  Gigliarelli  Fiuml 

Head,  International  Affairs  Service  of  INFN 

Professor  Ken  Kikuchi 
KEK 

The  National  Laboratory  for  High  Energy  Physic, 

Dr.  Bruce  L*  Chrlsman 

Fermi  National  Accelerator  La>oratory 


Mr*  Arnold  Scully 
Director,  Sales  Division 
Teleglobe  Canada 

Donald  Falle  (Engineer  Advisor) 

Mr*  W.  Hoogland 
NIKHEF  -  Sectle  H 

M.  Bernard  Deler 

Assistant  to  the  Director  of  IRF 
CEN  -  Saclay 
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Germany: 

Italy: 

Japan: 

United  Kingdom: 
United  States: 


Or*  Wolfram  Schott 

Deutsches  Elektronen-Synchrotron  (OESY) 

Professor  Bruno  Borgia 
Director  of  INFN  Rome  Section 

Professor  Ken  Kikuchi 

The  National  Laboratory  for  High  Energy  Physics 

Or*  J,  H.  Mulvey 

Nuclear  Physics  Laboratory 

Dr.  Joseph  Ballam 

Stanford  Linear  Accelerator  Center 


Personnel  Exchanges 
Canada: 

European  Communities: 

France: 

Germany: 

Italy: 

Japan: 

United  Kingdom: 
United  States: 


Mr*  P.  J.  Beaulieu 

National  Research  Council  of  Canada 

Mr*  F.  Niemann 
CERN 

M»  Bernard  Deler 

Assistant  to  the  Director  of  IRF 

Dr.  Helmut  Krech 

te'^sches  Elektronen-Synchrotron  (OESY) 

Dr*  Marcello  Gigliarelli  Fiuni 
Head,  International  Affairs  Service 
National  Institute  of  Nuclear  Physics  (INFN) 

Professor  Ken  Kikuchi 

The  National  Laboratory  for  High  Energy  Physics 

Professor  D*  C*  ImHe 

Particle  Detector  Development  Group 

Brunei  University 

Dr.  Bernard  Hildebrand 
Chief  of  Physics  Research 
Office  of  Energy  Research 
U.S.  Department  of  Energy 
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Act iv. ties 
Cadarache,  France 
January  1985 


A  meeting  of  the  Working  Group  on  High  Energy  Physics  was  convened  in 
Cadarache,  France  in  January  1985.    The  Group  reviewed  the  reports  of  its 
three  subpanels  on  long-range  planning,  technical  collaboration,  and  the 
identification  of  administrative  obstacles  which  hamper  increased  scientific 
collaboration. 

The  Group  found  that,  since  its  establishment,  international  collaboration 
has  increased  in  the  use  of  present  accelerators  and  in  the  planning  for 
future  accelerators.   The  Group  also  found  that  there  are  specific  areas  of 
technology  *n  which  near-term  research  cooperation  is  possible,  and  they 
identified  administrative  regulations  which  hamper  effective  international 
collaboration  in  science  and  technology  that  could  be  revised  or  eliminated 
through  coordinated,  high  level  Summit  action. 

In  this  section,  we  include  the  Report  of  the  Working  Group  on  High  Energy 
Physics  from  the  January  1985  meetiny  and  the  reports  from  the  Working 
Group  subpanels.    The  agenda  and  attendees  for  the  Cadarache  meeting  are 
contained  in  Appendix  H. 
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Report  of  the  High  Energy  Physics  Working  Group  f>om  the 
January  198b  Calarache  Meeting  for  the 

Versa  lies  Summit  Working  Group  on  Technology,  Growth,  and  Employment 
for  the  May  1985  Bonn  Economic  Summit 


In  July  1984  the  High  Energy  Physics  Working  Group  met  in  Brussels  primarily 
to  develop  a  response  to  paragraph  22  of  the  Versailles  Working  Group 
"Technology,  Growth,  and  Employment"  report  to  the  1984  London  Summit: 


"22,   Effective  cost  sharing  is  becoming  a  more  important  element 
in  the  construction  of  major  new  facilities.  Collaborative 
projects  would  benefit  if  coherent  long  term  plans  for  the 
construction  and  sharing  of  facilities  in  our  countries  were  to  be 
developed." 


At  Brussels  the  High  Energy  Physics  Working  Group  established  three  study 
groups  to  report  on: 

1.  Long-Term  Planning, 

2.  Technical  Collaboration,  and 

3.  Administrative  Obstacles  to  International  Scientific  and  Technical 


The  High  Energy  Physics  Working  Group  met  again  in  January  1985  at  Cadarache 
to  review  the  reports  of  these  study  groups  and  to  make  recommendations 
based  on  them  as  might  be  appropriate.    The  complete  reports  of  the  Study 
Groups  follow  this  Executive  Summary. 


The  main  objective  of  high  energy  physics  research  is  to  discover  what  are 
the  fundamental  constituents  of  matter  and  the  physical  laws  that  govern 
their  interaction*    This  field  of  research  is  in  a  revolutionary  epoch  in 
its  pursuit  of  this  goal.   The  great  advances  in  this  field  that  have  taken 
place  over  the  last  ten  years  have  required  the  use  of  major  facilities 
involving  particle  accelerators  and  large  collaborative  teams  of  scientists 
and  engineers. 

These  accelerator  centers  are  located  at  several  pla^s  around  the  world  and 
each  of  them  has  made  key  contributions  to  the  advanu    in  understanding  in 
this  field  developed  over  the  past  decade* 

While  the  main  objective  of  high  energy  physics  research  is  fundamental 
knowledge,  the  technology  which  is  developed  by  the  scientists  and  engineers 
in  hitjh  energy  physics  research  is  impressive  and  finds  significant 
application  in  other  areas  of  science  and  in  industry.    Thus,  for  example, 
developments  in  the  technology  of  particle  accelerators  have  found 
application  in  ynchrotron  light  sources  and  pulsed  neutron  sources  for 
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other  areas  of  science;  in  radiation  sources  for  cancer  therapy;  and  in  ion 
implantation  accelerators  for  materials  modification  and  for  production  of 
integrated  circuit  chips*   The  development  of  superconducting  cable  and 
magnets  has  found  application  in  magnetic  fusion  research  and  in  the  rapidly 
growing  area  of  nuclear  magnetic  resonance  imaging  in  the  medical  field. 
The  push  for  increasingly  sophisticated  high  energy  physics  detectors  and 
data  analysis  capability  has  stimulated  technology  developments  in  many 
areas  of  science  and  industry*   All  of  these  examples  illustrate  the  truth 
of  the  statement  from  the  Report  of  the  Wil  liamsburg  Summit: 

"Fundamental  scientific  research  is  one  source  of  technological 
progress  in  industry  and  should  be  given  support  by  governments." 
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A. 


LONG  TERM  PLANNING 


1.  Although  accelerators  have  become  'nore  and  more  sophisticated, 
world  expenditure  on  high  energy  physics  over  the  past  decade  has  remained 
roughly  constant*    This  has  been  achieved  by  closing  less  productive  accel- 
erators, oy  using  new  technological  concepts,  and  by  increased  international 
cooperation*   Scientific  productivity  has  thus  increased  dramatically* 

2.  Many  fundamental  questions  in  high  energy  physics  remain  to  be 
solved.   Some  should  be  resolved  by  the  next  generation  of  accelerators  now 
under  construction:    the  Tevatron    (U.S.,  to  begin  operation  in  1986), 
TRISTAN  (Japan  1986),  Stanford  Linear  Collider  (U.S.,  1986),  Large  Electron- 
Positron  collider  (CERN,  1988),  and  Hadron-El ektron-Ring-Anl age  (F*  R* 
Germany,  1990).    These  accelerators  are  designed  to  explore  different 
fundamental  questions  and,  as  such,  are  complementary  and  not  duplirative* 
For  Europe,  funds  are  committed  to  1990. 

3.  However,  one  clear  need  has  recently  emerged  which  cannot  be  met 
by  the  present  generation  of  accelerators.    This  is  the  requirement  to 
extend  the  energy  range  of  hadron  col  1  iders.    The  most  advanced  plan  for 
doing  so  is  the  U.S.  effort  towards  a  Superconducting  Super  Collider  (SSC). 
In  parallel,  European  scientists  are  considering  various  options  for 

coll  isions  of  protons  with  protons  or  antiprotons,  making  use  of  the  LEP 
tunnel  and  other  infrastructure  at  CERN*   Facilities  envisaged  for 
addressing  other  open  questions  are  a  large  linear  collider  for  electron- 
positron  col  1  isions  and  an  electron-proton  col  1  ider  which  could  also  make 
use  of  the  LEP  tunnel.   Japan  is  exploring  future  options  after  the 
completion  of  TRISTAN. 

4.  It  is  not  realistic  to  expect  detailed  plans  beyond  this  stage, 
because  further  projects  in  this  science-driven  field  must  depend  on  the 
results  from  the  accelerators  nov/  under  construction  and  on  the  development 
of  new  accelerator  concepts.    In  any  case,  high  energy  physics  can  only 
expect  continued  support  if  the  quality  of  its  science  continues  to  justify 
it. 

6.     The  Working  Group  believes  that  the  required  new  and  advanced 
facilities  can  be  built  and  operated  within  broadly  constant  worldwide 
budgets  (with  soma  fluctuations  during  years  of  peak  capital  expenditure), 
provided  that  there  is  no  unnecessary  duplication.    This  implies  planning  on 
an  interregional  basis  to  ensure  complementarity  and  cost  effectiveness* 
Further  concentration  of  facilities  is  inevitable;  however,  the  Working 
Group  is  convinced  that  more  than  one  region  working  effectively  in  high 
energy  physics  is  essential  to  the  health  of  the  science  in  the  period  of 
the  study. 


ASee  Appendix  I  for  a  brief  summary  of  the  key  features  of  some  of  the 
principal  accelerators  now  under  construction. 
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6.  Regarding  utilization,  ways  must  be  devised  of  encouraging 
increased  participation  by  scientists  of  all  countries  that  would  like  to 
share  in  this  world  community  activity.    The  limited  number  of  unique 
facilities  must  remain  open  to  competent  scientists  from  all  over  the  world. 

7.  It  is  of  the  greatest  importance  to  continue  the  discussion  and 
planning  on  an  intergovernmental  level,  so  that  the  objectives  envisaged 
here  can  be  implemented  in  an  orderly,  cost-effective  way. 


Progress  in  exploring  the  frontiers  of  high  energy  physics  has,  in  the  past, 
critical  ly  depended  upon  the  construction  of  prjgressi vely  more  complex  and 
larger  particle  accelerators  and  detectors.    This  has  required  the  continued 
investment  in  development  of  new  technology  to  make  these  facilities 
possible,  both  technically  and  financially.   With  the  facilities  that  can  be 
foreseen  to  be  needed  in  the  future,  this  investment  in  new  technology,  in 
international  collaboration  in  this  development,  ana  in  interaction  with 
industry  becomes  even  more  important.    The  following  observations  and 
rerommended  activities  would  help  to  foster  such  increased  interaction  if 
carried  out. 

1.     All  nations  should  further  encourage  the  already  active 
international  collaboration  in  accelerator  technology  in  order  to: 

i)  develop  known  technologies  to  a  stage  where  they  can  be 
incorporated  in  high  energy  physic:  facilities  in  a  cost-effective  way; 


ii)   encourage  a  broad  program  to  develop  new  accelerating 
methods.    For  this  purpose  existing  large  facilities  (e.g.  large 
lasers)  should  be  made  available  for  experiments  to  test  new  ideas.  A 
certain  fraction  of  the  support  going  into  .high  energy  physics  should 
continue  to  be  used  for  long-term  developments. 

Similar  efforts  should  be  made  to  develop  new  methods  of  particle  detection* 

2.     As  accelerator  and  detector  systems  become  larger  and  more 
complex,  it  is  vitally  important  to  work  to  common  international  standards 
in  order  to  reduce  costs  and  ensure  compatibility  of  equipment.    It  is 
recommended  that  such  standards  be  pursued  at  national  and  international 
levels  in  col  1  abortion  with  industry.   Areas  of  special  importance  are 
associated  with  data  acquisition  and  analysis  systems  and  superconducting 
wires  for  magnets.    Successful  examples  from  the  past  are  CAHAC  and  FASTBUS 
instrumentation  standards. 


B.    TECHNICAL  COLLABORATION 
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3.     Existing  high  energy  physics  laboratories  are  centers  of  advanced 
knowtedgc  in  many  technological  fields  and  operate  in  an  environment  of 
wide  international  cooperation.    It  is  recommended  that  ways  and  means  be 
found  to  increase  the  use  or  them  for  the  training  and  education  of 
rcientists,  engineers,  and  other  technical  staff  from  Industrial  firms, 
universities,  and  other  Institutions  for  the  mutual  benefit  of  all 
concerned. 


C.    ADMINISTRATIVE  OBSTACLES  TO  INTERNATIONAL  SCIENTIFIC  AND 
TECHNICAL  COLLABORATION 

It  is  clear  that  the  removal  of  certain  administrative  obstacles  would 
greatly  Improve  and  facilitate  International  cooperation  in  several  areas  of 
science  and  technology  such  as  physics  and  fusion. 

The  Working  Group  believes  that,  because  enhanced  International  collaboration 
implies  cost  sharing  and  cross  participation  in  the  construction  end  exploi- 
tation of  regional  devices,  new  administrative  procedures  are  Imperative. 
Many  of  the  present  procedures  ere  serious  obstacles  to  effective 
cooperation. 

More  specifically,  the  High  Energy  Physics  Working  Group  recommends  that 
attention  should  be  given  to  the  following: 

1.  Cross  participation  in  projects  through  the  provision  of 
scientific  equipment  and  components  for  major  facilities  (e.g.,  detectors) 
is  currently  hampered  by  the  fact  that  tariff  and  tax  exemptions  are  only 
provided  for  short  durations  that  are  not  compatible  with  the  time  frame  of 
the  collaboration,  which  may  last  for  more  than  10  years. 

2.  The  exchange  of  scientific  and  technical  staff  1s  an  Important 
factor  in  international  collaboration.    Increased  collaboration  can  become  a 
reality  only  if  the  responsible  authorities  create  conditions  suitable  for 
the  free  exchange  of  scientific  staff.    There  are  several  such  conditions, 
notably: 

i)     to  simplify  the  administrative  admission  formalities  1n  the 
host  country; 

n)   to  facilitate  Integration  of  the  research  worker  and  his 
family  1n  the  host  country;  and 

iii)  to  guarantee  adequate  social  coverage. 

3.  Data  transmission  is  an  important  aspect  of  the  work  of  the  high 
energy  physics  community.    The  acceptance  of  cross  participation  in 
facilities,  which  are  widely  separated  geographically,  relies  heavily  on 
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Inexpensive  and  efficient  data  transmission.    Two  aspects  have  been  singled 
out  by  the  Working  Group  for  urgent  consideration  within  the  Versailles 
Working  Group  on  Technology,  Growth,  and  Employment  framework: 

i)  the  review  of  the  charging  policy  for  scientific  data 
transmission  across  borders;  and 

ii)  the  promotion  of  effective  data  communication  standards  in 
order  to  ensure  compatibility. 

The  Working  Group  recommends  to  the  Versailles  Working  Group  on  Technology, 
Growth,  and  Employment  that  a  study  be  conducted  on  this  subject  subsequent 
to  the  Bonn  Summit  and  that  a  report  on  the  steps  that  might  be  taken  to 
improve  conditions  related  to  the  above-mentioned  administrative  impediments 
to  effective  cooperation  be  submitted  to  the  subsequent  Economic  Summit. 


The  High  Energy  Physics  Working  Group,  which  was  established  in  response  to 
the  Versailles  Working  Group  on  Technology,  Growth,  and  Employment  has 
proven  to  be  a  useful  forum  to  discuss  certain  aspects  of  international 
cooperation  in  this  field  that  have  not  been  previously  examined  at  the 
intergovernmental  level . 

Therefore,  it  is  proposed  that  the  High  Energy  Physics  Working  Gro'o  should 
continue  for  the  time  being  a  d  make  a  further  progress  report  on  i  ng-term 
planning,  technical  collaboration,  and  administrative  obstacles  to  the  1986 
Summit. 


D.    SUMMARY  RECOMMENDATION 
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REPORT  Of  TJ:E  LONG  TERM  PLANNING  SUBPANEL 
OF  THE  VERSAILLES  WORKING  GROUP  (VWG) 
ON  HIGH  ENERGY  PHYSICS 

Preamble 

This  1s  an  interim  report  to  the  Versailles  Working  Group  (VWG)/High 
Energy  Physics  Panel  in  response  to  paragraph  22  of  the  report  of  the  VWG  to 
the  Economic  Summit  meetiny  in  London  in  June  li)84.    We  cover  the  status  and 
future  of  the  discipline  up  to  the  year  2000.    The  membership  of  the 
subpanel,  and  a  note  on  the  accelerators  referred  to,  are  attached* 

Success  of  HEP 

High  energy  physics  is  in  a  revolutionary  epoch  in  its  quest  for  an 
understanding  of  the  structure  and  working  of  the  physical  universe* 
Comparable  turning  points  in  physics  have  taken  place  only  twice  in  this 
century  with  the  theory  of  relativity  and  quantum  mechanics*    A  remarkably 
successful  synthesis  is  emerging,  based  upon  a  microstructure  of  fundamental 
particles  and  forces*   These  concepts  are  now  perceived  to  be  essential  to 
the  cosmological  models  of  the  evolution  of  the  universe*   The  subject 
continues  to  be  recognized  by  its  Nobel  Awards  and  the  participation  of 
gifted  young  practitioners  worldwide*   One  of  the  ingredients  in  the 
success  of  the  subject  is  its  variety  of  scientific  tools,  particle 
accelerators  and  detectors,  which  have  made  possible  the  collection  and 
sharing  of  relevant  data. 

The  present  strong  base  of  scientific  understanding  has  given  an 
unusually  clear  view  of  the  open  questions*   Examples  of  these  are  the 
origin  of  mass,  the  structure  of  the  fundamental  particles,  and  the 
possibilities  for  grand  unification  of  the  forces  of  nature*    Some  of  these 
questions  will  be  investigated  with  the  facilities  now  under  construction, 
but  others  demand   bservavions  at  much  higher  energy*    A  clear  resolution  of 
these  deep  questions  will  require  a  variety  of  accelerators  over  the  period 
under  review* 

Costs  and  Funding 

In  the  past  decades,  facilities  in  the  different  reyions  have  been 
both  duplicative  and  complementary*  History  tells  that  duplication  has 
often  been  profitable,  two  similar  machines  eventually  evolving  1r  quite 
different  directions*   Another  feature  is  that  machines  have  grown  increas- 
ingly complex  and,  as  a  consequence,  there  has  been  an  increasing  centrali- 
zation and  sharing*   Time  and  again,  still  productive  but  lower  energy 
facilities  have  been  shut  down  to  release  resources  for  new  activities*  In 
this  way,  the  overall  funding  in  high  energy  physics  has  been  relatively 
constant,  averaged  over  the  past  decade,  yet  the  capability  of  the  machines 
exploiting  new  technological  concepts  has  increased  dramatically* 
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For  the  future,  a  new  generation  of  facilities  beyond  those  now  under 
construction  is  required  to  address  many  of  the  open  scientific  questions. 
These  machines  will  be  expensive.    We  believe  that  the  required  facilities 
can  be  built  and  operated  within  broadly  constant  budgets  (with  some  brief 
excursions  during  years  of  peak  capital  expenditure)  provided  that  there  is 
no  duplication  of  major  facilities.    This  implies  planning  on  an  inter- 
regional basis  to  ensure  compl enentarity  and  cost-effective  decision  making. 
Further  concentration  of  facilities  will  probably  be  needed;  however,  we  are 
convinced  that  more  than  one  region  working  effectively  in  high  energy 
physics  is  essential  to  the  health  of  the  science  in  the  period  of  our 
study. 

Facilities  Under  Construction 

High  eneryy  physics  is  a  rapilly  developing  science  and,  therefore,  it 
would  not  be  sensible  to  have  a  rigid  plan  to  the  year  2000.    The  physics 
that  will  be  done  in  the  late  1980s  and  early  1990s  has  largely  been  deter- 
mined by  decisions  already  taken.    Thus,  now  under  construction  are  the 
Tevatron  (U.S.  to  begin  operation  in  1986),  TRISTAN  (Japan,  1986),  SLC  (U.S. 
1986),  LEP  (CERN,  1988),  and  HERA  (Germany,  1990).    These  machines  are 
largely  complementary.   They  involve  a  substantial  commitment  of  funds 
through  to  the  1990s  in  Europe  and  the  mid- to  late-1980s  in  the  U.S.  jnd  1n 
Japan. 

Future  Facilities 

We  have  mentioned  the  open  scientific  issues  and  that  some  of  these 
will  be  addressed  by  tht  machines  now  under  construction.    Nevertheless,  in 
view  of  the  long  lead  times,  designs  for  the  following  generation  of 
machines  are  being  actively  drawn  up  to  pursue  this  quest.   These  are 
modulated  by  the  scientific  needs  and  by  technical  possibilities  within  the 
boundaries  of  strong  economic  constraints.    There  is  a  close  cooperation 
between  the  scientists  and  engineers  in  all  countries  concerned  in  refining 
the  plans  and  in  carrying  out  the  necessary  RAD  work.    Increasing  Inter- 
regional collaboration  is  particularly  apparent  in  the  construction  of 
particle  detectors  that  have  become  a  major  item  in  the  total  cost  of  new 
facil fties  „ 

One  clear  need  that  emeryes  from  the  present  understanding  of  physics 
is  the  requirement  to  extend  the  energy  range  of  hadron  colliders.  The 
collision  energy  must  be  raised  to  the  level  which  permits  a  significant 
exploration  of  the  mass  scale  for  new  particles  and  interactions.  Most 
advanced  in  this  direction,  is  the  RAD  stage  of  the  USA  effort  towards  a 
Superconducting  Super  Collider  (SSC).    In  parallel,  European  scientists  are 
considering  various  options  for  collisions  of  protons  with  protons  or  anti- 
protons  »  making  use  of  the  LEP  tunnel  and  other  infrastructure  at  CERN. 
Other  possibilities  for  addressing  the  open  questions  are  a  large  linear 
col  1  ider  ror  electron-positron  col  1  isions  and  an  electron-proton  col  1 1der 
whiCfi  could  also  make  use  of  the  LEP  tunnel.    Japan  is  in  the  Process  of 


198 


27 


making  a  study  of  their  future  options  after  the  completion  of  TRISTAN. 
Finally,  we  note  that  there  is  worldwide  col  1 aborati ve  R£0  on  novel 
accelerator  concepts;  however,  these  are  unlikely  to  corce  to  fruition  before 
2000. 

Future  Scenarios 

A  number  of  scenarios  are  possible  to  the  year  2000.    It  is  too  eariy 
to  select  the  strategy  which  will  satisfy  the  scientific  needs  in  the  nost 
cost-effective  manner.    However,  common  to  each  scenario  is  the  further 
complementary  development  in  different  regions.    In  the  U.S.  a  decision  it 
expected  in  the  late  ig80s  regarding  a  major  new  accelerator  (i.e.,  the 
SSC).    In  Europe,  no  major  new  commitment  could  be  made  before  1990. 

Involvement  of  Other  Regions  and  Countries 

In  the  interests  of  minimizing  costs  and  maximizing  scientific  results, 
an  ever  increasing  degree  of  collaboration  among  all  regions  will  be  needed. 
A  key  objective  will  be  to  stimulate  maximum  participation  of  the  scientists 
and  engireers  of  all  regions  in  the  planning,  eventual  construction,  and  use 
of  new  facilities.    In  the  natter  of  utilization,  continued  encouragement 
should  be  given  to  participation  by  the  USSR,  the  Peopl-'s  Republic  of 
China,  and,  indeed,  by  scientists  of  all  countries  that  would  like  to  share 
in  this  world  community  activity.    The  limited  number  of  unique  facilities 
must  remain  open  to  competent  scientists  from  all  over  the  world. 

Tasks  for  Intergovernmental  Group 

We  believe  that  it  is  of  the  greatest  importance  to  continue  the 
discussion  and  planning  on  an  intergovernmental  level.    It  would  be  our  hope 
that  as  studies  proceed,  succeeding  reports  of  this  or  a  similar  intergovern- 
mental group  will  develop  a  long-ranye  plan  so  that  the  objectives  envisaged 
here  can  be  gradually  implemented  in  an  orderly,  cost-effective  way. 
Progress  within  the  resources  which  can  reasonably  be  provided  by  our 
Governments  will  depend  on  a  continuing  reassessment  of  the  state  of  the 
science  concerned. 


H.  H.  ATKINSON 

Lead  for  the  Subpanel  on  Long-Term  Planning 

10  December  1984  (including  subsequent  revisions  to  7  February  1985) 
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Long-Tern  Planning: 
United  Kingdom: 

Canada: 

European  Communities: 


France: 


Federal  Republic  of 
Germany: 


Italy: 


Japan: 


United  Kingdom: 


United  States: 


Submit  Working  Group 
High  Energy  physics 
Subpanel  Heaters 


Or.  H.  H.  Atkinson  (Chairman) 
Director,  Science 

Science  and  Engineering  Research  Council 

Professor  J.  0.  Prentice 
Department  of  Physics 
University  of  Toronto 

Professor  H.  Schopper 
Director-General  of  CERN 

Dr.  J.  Sacton 
Chairman,  ECFA 

Universite  Libre  de  Bruxelles 
M.  Pierre  Lehmann 

Directeur,  Scientific  de  Physique  Nuclealre 
et  Corpusculaire  du  CNRS 

Professor  Volker  Soergel 
Chairman  of  the  DESY  Directorate 
Deutsches  Elektronen-Synchrotron  (OESY) 

Dr.  Nicola  Cabibbo 
President 

National  Institute  of  Nuclear  Physics  (INFN) 

Professor  Yorikiyo  NagasMma 
Faculty  of  Science 
Dsaka  University 

Dr.  Derek  Col  ley 
Physics  Department 
Birmingham  University 

Dr.  Jack  Sandweiss  (Principal  Member* 
Department  of  Physics 
Yale  University 

Dr.  Leon  Lederman 
Director 

Fermi  National  Accelerator  Laboratory 


3EST  COPY  AVAiLADLE 

9 

ERIC 


200 


29 

United  States:  Professor  Burton  Richter* 

(continued)  Director 

Stanford  Linea"  Accelerator  Center 

Professor  Maury  Tigner 

URA  SSC  Central  Design  Group 

Lawrence  Berkeley  Laboratory 


The  Subpanel  met  on  12/13  November  1984  in  Abingdon,  England. 
♦Professor  Richter  was  unable  to  attend  the  meeting. 
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TRISTAN 


SLC 


LEP 


HERA 


SSC 


ERLC 


PARTICLE  ACCELERATORS  NOW  UNDER  CONSTRUCTION  OR  STUDY 

Photon-antiproton  collider;  1  +  1  TeV;  under  construction  at 
the  Fermi  National  Accelerator  Laboratory,  U.S.;  first  opera- 
tion for  physics  estimated  at  the  end  of  1986  or  early  1987; 
superconducting  magnets;  two  experimental  areas;  detector 
approved  (so  far):  CDF* 

Electron-positron  collider;  30  +  30  GeV;  under  construction 
at  KEK,  Japan;  first  operation  for  physics  estimated  in  1986; 
four  experimental  areas;  detectors  approved  (so  far):  VENUS 
(Japan),  TOPAZ  (Japan),  and  AMY  (international  collaboration). 

Stanford  Linear  Collider;  collidinq  electrons  and  positrons; 
50  +  50  GeV;  under  construction  at  Stanford,  U.S.;  first 
operation  for  physics  estimated  at  the  end  of  1986  or  early 
1987;  one  experimental  area;  detectros  approved:    PEP  Mark  II 
(starting  1987),  and  SLD  (starting  about  1990). 

Large  Electron-Positron  collider;  initially  50  +  50  GeV, 
increasing  to  100  +  100  GeV;  under  construction  at  CERN, 
Geneva;  first  operation  for  physics  is  estimated  at  the  end 
of  1988  or  early  1989;  27  km  circumferei.ee  synchrotron; 
initially  four  experimental  areas;  detectors  approved: 
ALEPH,  DEl»i:i,  OPAL,  and  L3. 

Llectron-proton  collider;  30  +  820  GeV;  under  construction  at 
DESY,  Hamburg;  first  operation  for  ohysics  estimated  in  1990; 
6.3  km  circumference  synchrotron;  superconducting  magnets; 
four  experimental  areas. 

Superconducting  Super  Collider;  at  reference  design  stage; 
hadron  beam  collider  (protons  with  either  protons  or 
antiprotons);  20  +  20  TeV;  synchrotron  circumferences  ranging 
from  90  to  16*  km  depending  on  magnetic  field  strength; 
superconducting  magnets;  could  be  operational  in  1993-94. 
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International  Collaboration  in  Accelerator  and  Detector  Development 
Report  of  the  Technical  Subpanel  of  the 
Summit  Working  Group  on  High  Energy  Physics 

Introduction 


The  Summit  Working  Group  on  High  Energy  Physics  established  three 
Subpanel  s  at  a  meeting  held  in  Brussels  on  July  1  and  3,  1984.   The  Subpanel 
on  Technical  Collaboration  was  asked  to  review  the  current  status  of 
international  collaboration  in  important  areas  of  accelerator  and  detector 
research  and  development.   This  document  describes  the  findings  and 
recommendations  of  the  Subpanel,   The  basis  for  the  review  of  technical 
collaboration  was  provided  by  a  report  entitled  "Improving  International 
Collaboration  in  High  Energy  Physics"  by  Professor  6.  Richter  et  al., 
(February  1984),    That  report  was  submitted  to  the  Working  Group  at  the 
Brussels  meeting. 

The  membership  of  the  Subpanel  on  Technical  Collaboration,  which 
included  six  members  of  the  Richter  Committee,  was: 


David  M.  Binnie 
Ewart  Blackmore 
Giorgio  Bnanti 
Donatus  Degele 
Kunitaka  Kondo 
Eg  i 1  Lillestrfl 

Joao  Meyer 
Paul  J.  Reardon 
Douglas  G.  Stairs 
Seryio  Tazzari 
John  J.  Thresher 
Gustav-A.  Voss 


Imperial  College  (United  Kingdom) 

TRIUMF  (Canada) 

CERN  (European  Community) 

DESY  (Federal  Republic  of  Germany) 

University  of  Tsukuba  (Japan) 

University  of  Bergen  (Norway) 

and  CERN  (European  Community) 
CEN-Saclay  (France) 
Brookhaven  National  Laboratory  (U.S.) 
McGill  University  (Canada),  Chairman 
INFN,  Frascati  (Italy) 

Rutherford  Appleton  Laboratory  (United  Kingdom) 
DESY  (Federal  Republic  of  Germany) 


Status  of  Technical  Collaboration 


The  status  of  technical  collaboration  in  accelerator  and  detector  R£D 
is  outlined  in  Attachments  I  and  II,  respectively.   The  subject  matter 
encompassed  by  these  attachments  is  defined  by  recommendations  4  through  17 
of  the  Richter  Committee  (see  Appendix  F). 

While  the  central  thrust  of  high  energy  physics  is  fundamental 
research,  the  subject  exploits  and  stimulates  many  diverse  aspects  of 
advanced  technology.    The  scale  of  e, oenments  and  facilities  is  such  that 
this  technology  involves  col  laboratij^  not  only  between  the  universities  and 
the  large  laboratories  but  also  with  a  wide  range  of  industries.  The 
tradition  of  col  laboration  is  so  wel  1  established  that  even  between 
laboratories  proposing  competitive  projects  one  finds  much  collaboration  on 
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technical  problems  of  accelerator  design  and  construction.  Personal 
contacts  are  of  key  importance  in  the  establishment  of  international 
collaboration  in  accelerator  science  and  detector  development.  Such 
contacts  form  naturally  through  existing  mechanisms  among  the  older 
physicists,  but  much  could  be  done  to  foster  contacts  for  younger 
scientists  entering  the  field.  The  opportunity  to  establish  contacts  with 
industry  is  especially  important  for  the  latter  group. 

Of  the  many  specific  areas  of  collaboration  identified  by  the  Richter 
Committee,  some  havt  already  reached  a  level  of  maturity  where  they  are 
widely  applied  in  ether  fields.   We  have  found  it  particularly  helpful  to 
examine  points  where  collaboration  with  industry  is  just  beginning.  The 
benefits  to  'n'ustry  in  terms  of  improved  capabilities  in  precision 
manufacturing  and  advanced  technology  have  been  clearly  documented  by  a 
study  at  CERN  .  We  note  that  developments  in  our  areas  of  R40  often  occur 
through  the  realization  by  physicists  that  techniques  already  available  in 
advanced  industries  can  be  adapted  for  high  energy  physics.  The  Subpanel 
has  identified  laboratory/industry  collaboration  as  an  extremely  important 
benefit  of  research  in  high  energy  physics  for  both  sides. 

It  is  clear  that  key  ideas  spring  from  many  sources  and  that  small, 
possibly  isolated  groups  need  support;  indeed  at  present  we  find  more 
ideas  than  can  be  well  supported.    The  long  term  future  of  this  field 
depends  on  promising  ideas  for  particle  acceleration  and  detection.  We, 
therefore,  strongly  endorse  international  collaboration  in  these  topics. 

Superconducting  Magnets  and  Cryogenics 

In  the  last  half  year  the  Reference  Designs  Study  for  the  SSC  has  been 
completed  in  the  U.S.,  while  in  Europe  a  feasibil-ity  study  for  a  hadron 
collider  in  the  LEP  tunnel  has  been  earned  out.    In  the  Federal  Republic  of 
Germany  the  HERA  project  at  OESY,  based  on  international  collaboration,  is 
under  way.   A  brief  account  of  the  work  in  progress  in  the  various 
countries/regions  appears  in  Attachment  I. 

For  the  above  studies,  the  collaboration  on  design,  beam  dynamics,  and 
technical  assessment  is  already  good  and  can  be  further  enhanced  by,  for 
example,  collaborative  utilization  of  test  and  measuring  facilities  and 
other  activities  aimed  at  avoiding  unnecessary  duplication  of  efforts.  The 
other  recommendations  of  the  Richter  Committee,  pertaining  to  this  area, 
remain  valid. 


"Study  of  the  Economic  Utility  of  CERN  Contracts, "*  H.  Schmeid,  CERN  75-6. 
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Now  Methods  of  Particle  Acceleration 

This  field  is  in  very  rapid  expansion;  good  progress  is  being  made  and 
already  some  of  the  proposed  schemes  appear  to  give  promise  of  achieving,  in 
due  time,  the  performance  required  for  reaching  very  high  energies* 
Scientific  work  in  this  field  has  great  potential  for  technical  development 
and  for  training  high  energy  accelerator  builders  at  national  laboratories 
and  universities*  Research  and  development  on  new  accelerator  techniques  is 
still  carried  out  in  the  "paral  lei"  mode  (as  defined, by  the  Richter 
Committee)*   However,  close  international  collaboration  in  R40  work  at 
the  national  and  regional  levels  should  be  encouraged*   Such  collaboration 
should  include  the  exchange  of  personnel  in  accelerator  physirs  and  in 
related  areas,  and  agreements  to  make  existing  facilities  available  on  an 
international  basis* 

Detector  Research  and  Development 

International  collaboration  in  detector  R&D  is  already  the  normal  mode 
of  operation  in  high  energy  physics,  and  many  excellent  examples  of  this 
work  can  be  found*   Three  recommendations  were  made  by  the  Richter  Committee 
to  improve  these  efforts  and  two  of  these  are  to  be  addressed  by  the 
subpanel  on  administrative  issues*   The  remaining  recommendation  urged  the 
strengthening  of  home-based  programs  to  derive  the  maximum  benefit  from 
these  collaborations  in  terms  of  technology  transfer  and  training  of 
students*   The  recommendations  would  be  a  significant  step  in  achieving  this 
goal*   Further  suggestions  are  made  in  Attachment  II* 

The  development  of  electronics  and  data  acquisition  equipment,  such  as 
NIM  and  CAMAC  for  high  energy  physics  research,  represents  an  excellent 
example  of  collaboration  and  technology  transfer  with  industry*  These 
components  have  found  widespread  use  in  other  fields  such  as  the  medical 
diagnostics*  Recently  several  developments  in  detector  research  have  led  to 
collaborations  with  industry  in  the  production  of  components*   Some  of  these 
are  described  in  Attachment  II  and  recommendations  are  made  to  improve 
specific  problem  areas* 

RECOMMENDATIONS 

The  Subpanel  recognizes  the  importance  and  value  of  interntional 
collaboration  as  it  exists  today*    For  the  long  term,  we  recommend  an  even 
stronger  degree  of  collaboration  between  the  laboratories  themselves  and 
cheur  industrial  partners*    In  particular,  we  recommend  the  following 
specific  actions: 

1.    Provide  the  ways  and  means  to  support  a  broader  international 
program  in  advanced  accelerator  and  detector  studies  to  bring  promising 
developments  to  a  stage  where  serious  consideration  can  be  given  to  their 
incorporation  in  the  next  generation  of  high  energy  physics  facilities; 
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2*     The  existing  laboratories  are  centers  of  long-standing  and 
successful  international  activity*   The  Subpanel  recommends  that  these 
laboratories  be  used  to  provide  a  broadly-based  program  of  training  and 
education  in  a  collaborative  international  environment*  This  should  be 
implemented  by  special  means  such  as  fellowships  aimed  at  scientists, 
engineers,  and  other  technical  staff  from  industrial  firms,  universities, 
and  technical  institutions  whose  main  interests  lie  outside  high  energy 
physics;  and 

3*     As  accelerator  and  detector  systems  used  for  high  energy  physics 
become  larger  and  more  complex,  industrial  skills  have  pH  to  be  applied  to 
resolve  many  of  the  technical,  manufacturing,  and  construction  problems*  In 
such  applications  it  is  vitally  important  to  work  to  common  international 
standards*    It  is  recommended  that  these  be  pursued  at  national  and 
international  levels  in  collaboration  with  industry*   Areas  of  special 
importance  are  associated  with  the  computer  industry,  data-acquisition 
systems,  superconducting  wire  technology,  and  cryogenic  magnet  construction* 
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Attachment  I 


ACCELERATOR  RESEARCH  AND  DEVELOPMENT 


A.     Superconducting  Magnets  and  Cryogenics 


U.S. 


In  the  U.S.  significant  progress  has  occurred  in  the  initiation  of  the 
design  phase  for  the  SSC.  A  Central  Design  Group  has  been  established  at 
the  Lawrence  Berkeley  Laboratory  (LBL) -with  two  regional  centers  atFermilab 
and  Brookhaven  National  aboratory  (BNL).    Studies  are  under  way  of  specific 
topics  such  as  aperture  requirements,  beam  dynamics,  particle  tracking,  and 
selection  criteria  for  superconducting  magnets.    The  organization  and 
staffing  of  the  Central  Design  Group  for  the  SSC  project  is  proceeding.  In 
some  of  the  SSC  workshops  international  participation  on  key  problems  has 
been  encouraged  and  fostered. 

Research  and  development  for  the  magnet  and  cryogenic  systems  is  in 
progress  in  four  laboratories  [BNL,  LBL,  Fermilab,  and  the  Texas  Accelerator 
Center  (TAC)J.    Prototype  magnets  are  being  constructed  for  operation  at 
fields  of  3,  5,  and  6.5  T.    A  final  choice  of  the  SSC  magnet  will  be  made 
within  a  year.    So  far  the  models  of  the  BNL/LBL,  TAC,  and  Fermilab 
approaches  have  been  tested  with  quite  satisfactory  results.   As  part  of 
these  activities,  efforts  are  being  pursued  towards  better  NbTi  conductors 
and  improved  winding/construction  techniques,  aimed  at  lowering  costs  and 
minimizing  magnetization  effects  due  to  persistent  currents.  The 
development  of  higher  field  magnets  using  Nb3Sn  continues  at  BNL  in 
collaboration  with  LBL.    This  work  has  potential  importance  for  dipole  and 
high  gradient  SSC  applications.    In  the  area  of  superconducting  wire 
development,  worldwide  approaches  are  being  examined  and  industrial 
involvement  m  superconducting  magnet  construction,  already  a  fact  in 
Europe,  is  being  examined. 


The  development  of  superconducting  magnets  for  the  proton  ring  of  HERA 
at  DESY  is  being  carried  out  in  close  collaboration  with  industry.  Dipole 
fields  of  6  T  have  been  reached  with  NbTi  conductors  at  4.5°  K.  The 
construction  of  four  prototype  magnets,  9  m  in  length  with  cold  iron,  has 
just  been  entrusted  to  industry.   Collaborations  among  several  countries  are 
being  set  up  for  the  prototype  production  in  industry.    Personnel  from 
Fermilab,  BNL,  and  other  U.S.  and  European  laboratories  are  heavily  involved 
in  project  design  reviews. 

In  addition  to  this,  a  number  of  national  laboratories  and  institutes 
are  forming  a  collaboration,  initiated  by  CERN,  to  promote  technological 
developments  directed  towards  the  construction  of  magnets  at  h;gher  field 


EUROPE 


3.!5iAJSAVAY*03  T33S 


207 


36 


levels  (8  to  10  T)  suitable  for  a  future  hadron  collider**   Two  possible 
lines  of  development  concern: 

i)  the  utilization  of  Nb3Sn  conductor  at  4.5°  K  with  enhanced 
current  density  and  small  effective  filament  diameter  (to  minimize 
magnetization  currents  at  injection);  and 

ii)  the  use  of  the  best  NbTi  conductor  (with  possible  additions) 
at  2°  K  (superfluid  He). 

The  former  implies  a  substantial  conductor  development  taking  advantage 
of  the  considerable  work  already  done  for  fusion,  while  the  latter  depends 
on  the  assessment  of  extended  cryogenic  systems  at  2°  K  and  on  the  design  of 
reasonably  simple  cryostats.    Experts  from  the  various  laboratories  are 
preparing  a  global  technical  program.   The  participating  institutes  will 
work  in  conjunction  with  industry  and  use  existing  test  and  measuring 
faci 1 ities. 


Development  of  magnets  suitable  for  future  hadron  colliders  is  under  way 
at  KEK  in  collaboration  with  industry.    In  addition  to  a  5  T  magnet,  work  1s 
in  progress  along  twa  lines  already  mentioned  for  Europe.  A  m»j't1shell 
dipole  wound  with  Nb  Sn  conductor  has  reached  high  fields  (8  -  10  T)  and  the 
development  of  superconducting  quadrupoles  is  in  progress. 

B.     Superconducting  Radio  Frequency  Cavities 

At  the  second  workshop  on  radiofrequency  superconductivity  which  was 
held  at  CERN  in  July  1984,  80  participants  from  26  institutions  (Australia, 
Brazil,  Europe,  Japan,  and  the  U.S.)  reviewed  the  present  status  of  the 
field. 

At  DESY,  work  is  concentrated  on  two  nine-cell  cavities  at  1  GHz  to  be 
instal  led  in  PETRA.   A  three-cell  cavity  at  500  MHz  has  been  tested 
successfully  in  the  TRISTAN  accumulation  ring  at  KEK. 

It  appears  that  after  many  years  of  development  in  a  number  of 
laboratories,  often  through  internat'onal  collaboration,  the  technology  has 
advanced  to  the  point  that  largt  scale  applications  are  being  considered  at 
CEKN  to  increase  the  beam  energy  of  LEP  beyond  55  GeV  and  at  DESY  for  HERA. 


♦European  Laboratories  involved  in  the  development  of  accelerator 
superconducting  magnets:    Technical  University  of  Vienna  (Austria);  CEN- 
Saclay  and  CEN-Grenoble  (France);  DESY  and  KFK  (Federal  Republic  of 
Germany);  INFN  and  ENEA  (Italy);  NIKHEF  and  ECN  (Netherlands);  CERN;  SIN 
(Switzerland);  RAL  (United  Kingdom) 
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The  results  obtained  so  far  give  confidence  that  large  systems  could  operate 
at  accelerating  fields  of  at  least  5  MeV/m.   The  next  step  to  be  undertaken 
Is  the  production  of  such  structures  in  industry. 

In  other  institutes  (Wuppertal  and  Cornell  Universities)  devel opment 
work  is  under  way  to  obtain  higher  field  gradients  and  quality  factors, 
suitable  for  large  linear  electron  accelerators. 

C.  New  Methods  of  Particle  Acceleration 

On  the  very  important  issue  of  new  techniques  for  particle 
acceleration,  an  international  workshop  entitled  "High  Fields  for  Particle 
Acceleration"  was  held  in  Frascati,  in  September  1984,  under  the  sponsorship 
of  the  CERN  Accelerator  School,  the  European  Committee  for  Future 
Accelerators  (ECFA),  and  tne  Italian  Institute  for  Nuclear  Physics  (INFN). 
About  80  participants  from  all  regions  in  the  disciplines  of  accelerator, 
high  eneryy,  and  pi ama  physics  reviewed  the  problems  connected  with  various 
approaches  to  the  design  of  very  high  energy  linear  colliders  to  be  operated 
at  accelerating  and/or  focusing  fields  about  one  order  of  magnitude  higher 
than  those  at  present  achievable.    Needed  beam  parameters  were  defined; 
information  on  the  peculiar  characteristics  and  unresolved  problems  of  the 
various  proposed  acceleration  schemes  was  exchanged,  and  the  major  technical 
issues  were  brought  into  focus. 

Major  experimental  programs  under  way  at  various  laboratories  were 
presented  in  the  fields  of  short  wavelength,  normal  linacs  driven  by  very 
high  power  sources  (SLAC,  Novosibirsk,  KEK)  and  two-beam  accelerators  [DESY, 
LBL,  Lawrence  Livermore  National  Laboratory  (LLNL)].    New  experiments  are 
being  set  up  or  planned  on  other  promising  approaches,  such  as  beat-wave 
accelerators  and  near-field  devices  (BNL,  ftAL,  Cornell,  and  various  other 
universities).    Theoretical  work  on  these  and  other  more  exotic  schemes  was 
a1 so  extensively  discussed  at  the  workshops. 

D.  Accelerator  Schools 

In  the  U.S.,  a  summer  school  in  accelerator  physics  and  design  has  been  held 
for  the  past  four  years.    In  Europe,  CERN  has  set  up  a  school  in  accelerator 
physics,  which  started  in  October  1983  with  a  two-week  specialized  course  on 
proton-ant i proton  colliders.    In  September  1984,  a  two-week  general  course, 
attended  by  150  students,  was  held  in  Orsay  (France).    The  school  has  also 
organized  and  partly  sponsored  two  international  workshops  on  High  Fields 
for  Particle  Acceleration  and  on  Non-linear  Dynamics.   Scientists  from  most 
European  institutes  contribute  to  the  formulation  of  the  school  programs  and 
to  its  organization.   Close  contact  and  collaboration  are  maintained  with 
the  U.S.  Accelerator  School  and  participation  in  both  the  U.S.  and  European 
courses  is  on  an  interregional  basis. 
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Attachment  II 


DETECTOR  RESEARCH  AND  DEVELOPMENT 


A.  Training  in  Detector  Technology 

Existing  collaborations  in  detector  development  have  shown  that  it  is 
possible  for  small  uni/er^ity  groups,  as  well  as  the  larger  national 
laboratories,  to  make  significant  contributions.    Two  problems  are  noted: 

1.  Frequently  new  detector  techniques  are  developed  to  the  point 
where  a  solution  exists  for  a  particular  problem.   Then  time,  personnel,  and 
money  constraints  dictate  that  cetector  construction  must  start  and 
potentially  interesting  development  studies  cease.   Some  mechanism  for 
transferring  this  development  to  the  university  environment  would  be 

we  1  corned ; 

2.  The  size  and  sophistication  of  present  detectors  mean  that  the 
time  scale  for  such  experiments  may  be  inappropriate  for  the  Ph.D.  student 
entering  near  the  beginning  of  the  project  if  the  student  is  to  present  a 
conventional  thesis  based  on  analysis  of  resuHs.   Universities  should  be 
encouraged  to  use  detector  design  and  development  or  research  in  new  methods 
of  detection  as  part  of  the  Ph.D.  program.    In  addition  there  are  opportuni- 
ties for  persons  from  other  disciplines  such  as  electrical  engineering, 
chemistry,  materials  research,  and  solid  sta:e  physics  in  this  work. 

An  initiative  which  could  be  considered  is  the  establishment  of 
detector  physics  schools  in  the  same  manner  as  the  existing  accelerator 
physics  schools.    These  would  be  aimed  primarily  at  young  physicists  and 
technicians/engineers. 

B.  Col laboration  with  Industry 

The  high  energy  physics  program  in  Japan  has  had  an  excellent  history 
of  collaboration  with  industrial  firms  in  the  development  and  construction 
of  components  for  detectors.    Some  examples  are  the  construction  of  the 
large  superconducting  solenoid  for  the  CDF  detector  at  Fermi  lab,  the 
production  of  lead  glass  for  the  OPAL  detector,  sc.nti  1 1  ating  glass  for 
photon  detectors,  and  the  production  of  a  variety  of  other  photosensitive 
devices.    Japanese  industry  is  also  playing  an  important  role  in  the 
construction  of  the  large  central  detectors  for  the  TRISTAN  experiments.  In 
Europe  and  the  U.S.>  industry  also  is  involved  in  the  construction  of  large 
detectors. 

J>e  scale,  both  in  quantity  and  size,  of  the  components  for  the  next 
generation  of  detector  systems  requires  industrial  participation,  and  other 
nations  a, ^  fol lowing  Japan's  lead.    Several  typical  examples  of  this 


BEST  COPY  AVAILABLE 


210 


39 

collaboration  are  mentioned  below.     In  the  following  two  sections,  two 
developments  involving  the  electronics  industry  are  discussed  in  more 
detail.   A  very  important  result  of  these  developments  is  that  applications 
for  the  work  are  frequently  found  outside  of  high  energy  physics. 

1 .  Superconducting  Magnets 

The  superconducting  coi i  for  the  DELPHI  detector  at  LEP  is  the  respon- 
sibility of  the  Rutherford  Appleton  Laboratory  in  the  U.K.   This  will  be  one 
of  the  largest  superconducting  magnets  in  the  world.    Contracts  have  been 
awarded  to  industrial  firms  in  a  number  of  different  countries  for  the 
construction  of  components  for  this  magnet;  namely,  Germany,  France, 
Switzerland,  and  Italy.    CEN-Saclay  has  the  responsibility  for  the  ALEPH 
coil,  the  construction  of  which  is  entrusted  to  industry  on  a  similar  basis. 

2.  Scintillating  Plastic  Fibres 

Development  of  scintillating  plastic  fibres  to  be  used  in  detectors  for 
high  energy  physics  was  started  in  the  USA  and  France.    Such  fibres  are  to 
be  used  both  in  high  density  calorimeters  (DELPHI,  UA1)  and  in  high  resolu- 
tion track  detectors.   This  development  has  led  to  the  setting  up  of  a 
French  industry  with  the  intention  of  producing  optical  plastic  fibres  for 
short  range  data  transmission. 

3.  Bismuth  Germanate  Crystals 

Monocrystals  of  bismuth  germanium  oxide  (BGO)  are  being  developed  in  a 
worldwide  collaboration  to  be  used  in  the  L3  detector  at  LEP.  Production 
lines  have  been  set  up  in  China  and  France  to  cover  the  needs  of  L3. 
Physicists  are  studying  BGO  crystals  for  their  special  semiconductor  proper- 
ties, which  in  turn  may  lead  to  other  applications. 

C .     Solid  State  Detectors,  Charge  Transport  Devices,  and  VLSI 

Techniques  used  by  the  electronics  industry  in  the  manufacture  of  high 
density  integrated  circuits  are  now  being  applied  to  the  production  of  high- 
spat  i  a  1  -preci  s  ion  particle  detectors.    Two  examples  are: 

1.  the  silicon  microstrip  device  based  on  reverse-biased  diodes 
implanted  in  micros trips  on  silicon  wafers;  and 

2.  the  charge-coupled  device  (CCD)  used  in  TV  cameras  and  by 
astronomers  as  photon  detectors. 

Both  devices  are  being  developed  in  collaboration  between  industry  and  high 
energy  physics  groups  in  the  U.S.  and  Europe.    Prototypes  based  on  silicon 
and  gal  1  ium-arsenide  substrates  are  being  developed  for  the  charge-coupled 
device.  K 
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The  possibilities  for  groups  and  smaller  Industries  to  participate  1n 
such  developments  are  limited  by  access  to  computer-aided  design  facilities 
and  by  the  cost  and  time  needed  for  the  production  of  Integrated  circuit 
prototypes*    These  *r(blems  way  be  overcome  by: 

1.  organizing  the  access  to  one  or  several  CAD-CAM  facilities  at 
major  laboratories;  and 

2.  the  creation  of  facilities  for  the  production  of  circuits. 

An  example  of  such  a  coordination  is  NORCHIP  for  the  Scandinavian  countries. 

0.     Data  Acquisition  and  Data  Processing 

Future  high  energy  physics  experiments  are  characterized  by  enormous 
complexities  and  data  rates.   In  order  to  cope  with  both  the  complex 
architectures  and  data  flows,  Involving  communications  between  Vrge  numbers 
of  microprocessors  and  minicomputers,  a  new  standard  FASTBUS  1s  b^1ng 
developed  1n  cooperation  between  Europe  and  the  U.S.   FASTBUS  1s  replacing 
the  CAMAC  standard  and  1s  expected  to  be  widely  used  outside  high  energy 
physics.   For  the  moment  only  very  few  Industrial  firms  are  engaged  In  the 
development  of  the  FASTBUS  standard  and  the  building  of  FASTDUS  electronics. 
A  stronger  cooperation  with  Industry  should  be  encouraged.  The  online  and 
offline  data  processing  of  future  experiments  require  an  order  of  magnitude 
increase  1n  available  computer  power.    In  order  to  solve  this  problem, 
emulators  of  big  mainframe  computer*:  are  being  built,  again  with  worldwide 
cooperation.   These  developments  could  have  an  impact  on  the  future  needs 
for  and  use  of  computers,  also  outside  the  high  energy  physics  community. 
In  some  areas  where  industrial  development  1s  progressing  rapidly,  as  1n  the 
optical  laser  disk  for  high  density  storage,  the  high  energy  physics 
community  will  have  to  choose  or  Impose  a  standard. 

E.     Access  to  Rare  or  Costly  Detector  Components 

With  the  construction  of  very  large  detectors  for  colliding  beam 
experiments  and  for  neutrino  studies  there  1s  occasionally  need  for  special 
materials  which  are  both  rare  and  costly.   Examples  are:    uranium  for 
calorimeters;  and  heavy  water,  gallium,  and  indium  for  solar  neutrino  detec- 
tors.   The  needed  material  1s  often  borrowed  from  one  country  to  be  used  at 
a  high  energy  physics  laboratory  in  another  country  for  the  duration  of  the 
experiment.   Such  temporary  transfer  of  material  1s  often  very  problematic. 
We,  therefore,  strongly  recommend  that  a  policy  be  developed  for  International 
use  of  such  materials. 
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ADMINISTRATIVE  OBSTACLES  TO  INTERNATIONAL  SCIENTIFIC 
AND  TECHNICAL  COOPERATION 


International  cooperation  in  scientific  research  and  technological 
development  must  be  considered  increasingly  as  a  fundamental  component 
of  world  economic  growth  and  for  that  reason  deserves  special 
attention  frc..i  the  highest  authorixies. 

Although  in  most  sectors  tho  need  to  cooperate  arises  spontaneously 
between  researcn  workers,  the  development  of  cooperation,  on  the  other 
hand,  requires  the  presence  of  opcimura  conditions  which,  in  most 
cases,  only  governmental  authorities  are  capable  of  creating. 

This  is  particularly  true  at  administrative  level,  where  numerous 
obstacles  hinder,  in  particular,  freedom  of  trade  in  scientific  and 
technical  equipment  and  instruments  and  exchanges  of  research 
personnel,  both  research  workers  and  technicians,  or  of  scientific  and 
technical  information.  The  national  and  international  regulations, 
most  of  them  laid  down  several  decades  ago,  are  no  longer  in  keeping 
with  modern  technological  development  and,  jn  the  present  case,  form 
barriers  that  should  be  removed  or  at  leas;  lowered  in  order  to  make 
possible  and  encourage  expansion  in  international  scientific  and 
technical  cooperation. 

The  working  parties  on  High-Energy  Physics  and  Controlled 
Thermonuclear  Fusion  set  up  after  the  Summit  meeting  of  Heads  of  State 
and  Government  held  in  Wi It iarasburg,  USA,  in  Mav  1983  considered  that 
these  obstacles  should  be  especially  examined  in  order  to  determine 
and  to  suggest  ways  and  means  of  by-passing  tMra. 

This  report  is  the  result  of  that  examination  with  respect  to  the  two 
areas  concerned. 
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1.    Transfer  in  scientific  and  technical  equipment  and  instruments 

1.1.    Present  situation 

The  conditions  governing  the  international  transfer  of  scientific 
and  technical  equipment  and  instruments  vary  from  one  country  to 
another  and  depend  as  a  general  rule  on  the  duration  of  the 
transfer,  the  tyoe  of  equipment  involved  and  its  intended  use. 

In  most  of  the  countries*  which  participated  in  the  Summit, 
temporary  importation  is  a  relatively  simple  matte,  but  the 
periods  b~?  validity  are  limited  to  a  maximum  of  two  or  three 
years,  which  is  incompatible  in  certain  cases  with  the  time 
required  to  carry  out  complex  scientific  experiments.  Such 
importation  generally  enjoys  total  or  partial  exemption  from  taxis 
or  if  a  declaration  has  been  made  to  the  effect  that  the  item  :n 
question  is  to  be  le-exported  (the  case  in  Japan). 
The  formalities  to  be  ct*  ^pleted  in  order  to  obtain  such  exemption 
are  sometimes  quite  complex,  and  should  normally  take  only  a 
relatively  short  time  (say  a  week),  but  in  complex  cases  may  take 
longer.  However,  it  requires  quite  a  complex  administration  and  in 
many  cases  it  is  totally  irpossible  to  give  evidence  of  identity 
with  respect  to  each  instrument  afte*-  the  completion  of  the 
"temporary"  use.  Here  again  the  existing  rules  are  not  at  all  in 
keeping  with  the  complexity  of  international  HEP-cooperat ion. 

Permanent  importation  of  scientific  and  technical  equipment  is 
generally  subject  to  the  rules  of  the  Florence  Convention  (1952). 
In  the  case  of  most  of  the  countries  wh;^n  participated  in  the 
Summit,  specialized  scientific  equipment  can  be  imported  free  of 
tax  provided  that  it  is  to  be  used  by  publ'.c  research  bodies  or 
bodies  recognized  as  such,  for  non-commercial  purposes  and  that 
equipment  of  equivalent  scientific  value  ic  not  currently  produced 
in  the  importing  country  (or  in  case  of  the  EEC  Member  States,  in 
the  EC).  Depending  on  the  country,  components  of  such  equipment 
may  not  enjoy  the  same  conditions,  which  can  lead  to  difficulty 
where  repair?  have  to  be  carried  out  (the  case  in  the  USA  and 
Japan) . 

Exportation  of  such  scientific  and  technical  equipment  and 
instruments  is  not,  as  a  general  .*ule,  subject  to  special 
restrictions.  It  should,  however,  be  noted  that  the  equipment  in 
question  often  falls  within  the  category  ot  strategic  and  high- 
technology  products,  particularly  in  the  two  areas  *r.  question, 
trade  in  which  is  at  present  strictly  sipervised  (particularly  in 
the  USA  and  Canada)  ;  where  equipment  of  this  type  is  concerned, 
restrictions  are  encountered  which  necessitate  cumbersome 
formalities  that  may  last  for  several  months. 


1  The  word  Country  has  been  used  for  simplicity  but  it  should  be  taken 
to  mean  customs  territory  possibly  made  of  several   countries  (e.g. 


EFC) 
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•-2-    Existing  forms  of  international  cooperation 

The  case  of  CERN  (Centre  Europeen  de  Recherche  Nucleaire  - 
European  Nik 'ear  Research  Centre)  in  the  field  of  High-Energy 
Physics  and  that  of  JET  (Joint  European  Torus)  in  the  field  of 
fusion  provide  interesting  examples  with  regard  to  trade  in 
scientific  and  technical  equipment  and  instruments  betueen  several 
countries. 

The  European  Economic^  Community  possesses  a  Community  Regulation 
dated  28  March  1983  relating  to  the  duty-free  admission  of 
scientific  instruments  or  apparatus  intended  "for  either  public 
establishments  principally  engaged  in  education  or  scientific 
research  and  those  departments  of  public  establishments  uhich  are 
principally  engaged  in  education  or  scientific  reseat ch"  on 
condition  that  they  have  been  approved  by  the  competent 
authorities  of  the  Member  States  to  receive  such  articles  duty- 
free and  "to  the  extent  that  instruments  or  apparatus  of 
equivalent  scientific  value  are  not  being  manufactured  in  the 
Community".  The  regulation  requires  the  European  Commission  to 
deal  with  applications  uithin  three  months,  but  pending  decision, 
the  competent  authority  may  authorize  importation  of  th* 
instrument  or  apparatus  uhich  is  the  subject  of  the  application. 
It  has  to  be  noted,  houever,  that  the  Community  regulations  give 
very  sophisticated  definitions  of  "a  scientific  instrument  or 
apparatus"  and  that  these  definitions  are  interpreted  very 
restrictively  by  the  authorities,  so  that  the  practical  importance 
of  this  exception  is  at  present  not  very  great  in  international 
HEP. 

Scientific  equipments  or  apparatus  imported  in  this  uay  into  the 
Community  from  other  countries  are,  as  a  general  r-ile,  subject  to 
value  added  tax  ;  derogations  from  that  rule  may,  houever,  be 
permitted  on  the  basis  of  bilateral  agreement,  each  case  being 
dealt  uith  individually. 

At  all  events,  scientific  and  technical  equipment  and  instruments 
sent  as  gifts,  in  token  of  friendship  or  gooduill  "by  an  official 
body,  public  authority  or  group  carrying  on  an  activity  in  the 
public  interest  uhich  is  located  in  a  country  other  than  the 
Member  State  of  importation,  to  an  official  body,  public  authority 
or  group  carrying  on  an  activity  in  the  public  interest  uhich  is 
located  m  the  Member  State  of  importation  and  approved  by  the 
competent  authorities  to  receive  such  goods  exempt  from  tax"  are 
exempt  from  VAT  (Council  Oirective  83/181/EEC  of  28  March  1983) 
Discussions  are  under  uay  uith  a  vieu  to  extending  this  exemption 
to  equipment  and  instruments  benefitting  from  the  temporary 
admission  system  (see  proposal  for  the  17th  Council  Oirective,  in 
respect  of  uhich  the  European  Parliament  has  already  expressed  a 
favourable  opinion). 


2  O.J.  L  105,  April  U,  1983  83/918/6£C 
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As  regards  CERN,  it  is  exempt,  as  an  intergovernmental 
organization,  from  the  payment  of  customs  duties  and  taxes,  and  it 
benefits  from  preferential  customs  procedures.  In  thus  directly 
imports  (into  Switzerland  or  France)  equipment  for  its  own  use  in 
accordance  with  the  rules  governing  its  special  status. 
This  includes  the  experimental  ecMipnent  which  remains  the 
property  o*  institutes  that  cooperate  with  CERN  ;  in  this  case, 
temporary  importation  is  not  required.  CERN  also  exports  directly 
(from  .Switzerland  or  France)  whatever  the  reason  for  the 
exportation  may  be.  Apart  from  the  two  host  States,  CERN  has 
obtained  preferent  ial  agreements  concerning  the  temporary 
import at  ion  of  equipment  that  belongs  to  it  into  the  United 
Kingdom  and  Italy. 

For  JET,  an  agreement  has  been  established  oetween  this  cornon 
enterprise  and  the  United  Kingdom  which  gives  it  advantages  equal 
•co  these  CERN. 


Possi ble  improvements 

The  cases  of  CERN  and  JET  are  examples  of  potential  improvements 
to  the  system  currently  in  force. 

Among  possible  solutions,  consideration  can  be  given  to  taking 
steps  at  ministerial  level  to  accord  a  special  status  to 
scientific  and  technical  equipment  and  instruments  which  would 
enable  them,  within  the  framework  of  intergovernmental  agreements 
governing  the  projects  that  resulted  from  the  Versailles  Summit, 
to  b*  moved  freely  between  the  laboratories  participating  in  the 
"Controlled  Thermonuclear  Fusion"  and  "High-Energy  Physics" 
projects.  Awaiting  this  solution  the  following  measures  should  be 
taken  : 

-  Extension  of  maximum  time  for  temporary  use  to  10  years, 

-  Granting  of  status  of  "scientific  equipment"  for  all  equipment 
exclusively  used  in  HCP-research, 

-  facilitation  of  procedures  to  give  evidence  of   identity  after 
temporary  use". 

It  should  also  be  noted  that  a  draft  European  agreement  aimed  at 
facilitating  the  movement  of  scientific  research  equipment  between 
the  Member  States  of  the  Council  of  Europe  is  being  studied  and 
that,  in  this  regard,  the  Ministerial  Conference  of  17  September 
1984  recommended  that  consideration  should  be  given  to  whether 
such  an  agreement  would  be  of  advantage.  The  agreement  will  be 
based  on  the  application  of  Article  13  of  the  Customs  Convention, 
itself  based  on  the  Florence  Convention  relating  to  the 
importation  of  scientific  equipment,  under  which  minimum 
facilities  are  provided  for.  The  negotiation  of  this  new 
agreement,  however,  will  have  to  be  conducted  so  as  to  ensure  that 
it  does  not  hinder  application  of  greater  facilities  that  certain 
contracting  parties   grant   or   might    grant,     either    by  means  of 
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unilateral  provisions  or  under  bilateral  or  multilateral 
agreements  of  the  same  type  as  those  previously  mentioned. 
(As  regards  this  point,  reference  may  be  made,  in  particular,  to 
'.he  EC  Council  Directives  already  being  implemented  or  at  the 
stage  of  preparation).  Subsequently,  consideration  could  be  given 
to  extending  such  an  agreement  to  non-European  countries,  and  in 
particular  to  the  countries  which  participated  in  the  Summit. 

It  will  be  the  task  of  T6E  working  group  to  make  a  statement  upon 
the  practicalities  of  setting  up  and  operating  such  an  agreement 
or  Conventions. 


ERIC 


217 


46 


2-    Exchanges  of  scient i f i_c_agd  te_chnicaL_sAaf  f 

2.1.    Present  situation 

The  nobility  of  research  workers  has  for  several  years  been  a 
mai  ter  of  concern  to  those  responsible  for  national  scientific  and 
technological  pol ic ies,  at  least  in  Europe.  Many  studies  have 
been  conducted  (Counci I  of  Europe,  EEC,  European  Science 
Foundation)  and  the  conclusions  are  relatively  unanimous  :  such 
mobility  can  become  a  reality  only  if  the  responsible  authorities 
create  condi  tions  sui  table  for  the  free  exchange  of  scient  i  f i c 
staff. 

There  are  three  such  conditions  : 

-  to  simplify  thr  administrative  admission  formalities  in  the  host 
country  (as  regards  both  the  research  worker  and  his  family) 
(visas)  ; 

-  to  facilitate  integration  of  the  research  worker  and  his  family 
in  the  host  country  (accommodation,  motor  car,  work  permit  for 
the  spouse,  children's  education)  ; 

-  to  guarantee  social  coverage  equivalent  to  that  in  the  country 
of  origin  (social  security,  pension  rights,  return  to  the 
country  of  Or  igm) . 


2.1.1)    Administrative  formalities 


These  formalities  are  relatively  simple  in  most  cases. 

Temporary  visas  can  generally  be  granted  and  even  extended 
(sometimes,  however,  with  a  certain  amount  of  difficulty  in  this 
regard  in  the  USA),  without  major  problems,  in  particular  if  the 
research  workers  are  co* ered  by  a  diplomatic  agreement  or  an 
alliance  treaty,  if  responsibility  for  them  is  accepted  by 
international  companies  or  organizations  (the  case  in  the  USA), 
or  if  they  can  show  that  they  are  engaged  in  highly  intellectual 
act  ivi  t  ies  in  the  arts  or  sc  iences  (the  case  in  Japan) . 
The  farni  I  ies  of  the  research  workers  general  I y  enjoy  the  same 
facilities.  It  should,  however,  be  noted  that,  in  certain 
cases,  the  research  workers  and  thei  r  fa'ii  I  ies  lose  thei  r 
citizenship  rights  both  in  the  host  country  and  in  the  country 
of  origin. 
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2.1.2)    Integration  in  the  host  country 

The  problems  of  integration  in  the  host  country  depend  to  a 
large  extent  on  the  host  laboratory  and  on  its  administrative 
services.  In  certain  cases/  the  formalities  are  simplified  by 
bilateral  agreements  that  exist  between  laboratories  (the  case 
in  Canada  and  Italy).  In  most  cases,  however,  the  research 
workers  and  their  families  are  subject  to  the  normal  rules  of 
the  host  country. 

The  conditions  relating  to  accommodation  vary  considerably  from 
one  State  to  another  and  even  from  one  town  to  another  ; 
certain  research  centres  possess  accommodation  in  which  the 
families  may  stay  temporarily,  but,  in  most  cases,  the  research 
worker  is  obliged  to  find  accommodation  for  himself.  Likewise, 
as  regards  driving  licences,  road  taxes  and  vehicle 
registration,  the  research  worker  is  obliged  to  complete  the 
normal  formalities  with  which  every  foreigner  arriving  in  a  new 
country  has  to  cope,  even  if  the  visit  is  for  a  limited  period. 

As  regards  the  soouse's  work  permit,  obtaining  one  is  generally 
a  lengthy  and  difficult  process  (except  within  the  EEC  in  the 
case  of  nationals  of  its  Member  States). 

"any  problems  also  arise,  particularly  during  short-term  stays, 
with  regard  to  children's  education*,  since  mother-tongue 
instruction  is  not  available  and  there  >s  no  point  in  the 
children's  acouiring  diplomas  which  are  not  recognized  in  their 
country  of  origin. 

2.1-3)    Social  coverage 

Where  social  coverage  is  concerned,  although  the  social-security 
rules  of  the  host  country  are  generally  applicable  to  a  guest 
research  worker  and  his  family,  it  is  mainly  the  country  of 
origin  which  is  responsible  for  facilitating  that  person's 
return  to  his  mother  country  so  that  the  period  he  spent  abroad 

r?ohtcn0t  a?verSe^  affect  Ms  career  Prospects  and  his  pension 
rights.  Generally  speaking,  a  research  worker  who  works  fcr 
some  time  in  a  foreign  laboratory  does  not  contribute  to  the 
national  pension  and  social  security  -ystems  of  its  own  country 
while  he  is  abroad  and  thus  loses  his  social  entitlements  unless 
this  question  is  specifically  draft  with  in  bilateral 
totalization  agreements  or  in  multilateral  agreements  (the  case 
of  EEC  member  states).  If  he  returns  to  his  original 
employment,  he  could  also  lose  his  right  to  promote  and  his 
career  prospects  sufer  in  consequence. 


2  At   the  European   level   (JET  in  particular)    this  question  has  been 
solved  by  creating  European  Schools  with  a  special  status 
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2.2.    Existing  forms  of  international  cooperation 

The  situation  at  CERN  is  sufficiently  typical  to  be  referred  to 
here  as  an  example  in  this  respect.  Almost  half  the  scientific 
and  technical  personnel  are  from  foreign  laboratories  and  stay  in 
Geneva  for  periods  of  varying  length.  Most  of  these  research 
workers  are  seconded  provi sional ly  from  thei r  home  laboratories 
and  administrative  responsibility  for  sone  of  them  is  assumed  by 
CERN,  but  most  ct  them  remain  administratively  attached  to  their 
original  laboratories  ;  the  problem  of  thei r  status  is  fchus 
minimized  to  a  large  extent  anH,  after  their  stay  at  CERN,  the 
research  workers  resume  work  in  their  home  laboratories  and  their 
careers  generally  suffer  no  adverse  effects  as  a  result  of  their 
temporary  secondment. 

In  all  cases  in  which  i  residence  permit  is  issued  (activity  on 
behalf  of  CERN  must  account  for  at  least  SOX  of  the  holder's 
time),  the  research  worker  can  be  accompanied  by  his  family. 
In  the  case  of  certain  persons  who  are  nationals  of  countries 
which  are  not  members  of  CERN,  a  visa  may  be  necessary  to  enable 
them  to  enter  Swiss  or  French  territory,  but  this  requirement 
gives  rise  to  only  a  few  minor  problems. 

There  is  generally  no  difficulty  in  obtaining  a  work  permit  for 
spouses,  but  the  situation  on  the  labour  market  in  the  Geneva  area 
is  relatively  depressed  at  present. 

Where  children's  education  is  concerneo,  things  are  made  easier  by 
the  international  setting  of  Geneva,  but  problems  do  exist  in 
respect    of    recogni  t  ion    of    diplomas.  Oi  f f iculty     is  also 

encountered  with  regard  to  accommodation,  since  the  number  of 
apartments  available  in  Geneva  is  relatively  small,  but  CERN  rents 
some  apartments  which  it  can  place  at  the  disposal  of  new  arrivals 
for  a  limited  period. 

Within  the  European  Communi  ty,  moreover,  the  administrative 
formalities  are  simplified,  since  the  question  of  visas  and  work 
permits  does  not  arise.  It  may,  of  course,  arise  in  the  case  of 
research  workers  who  are  nationals  of  non-Community  countries  . 

•  he  problems  that  remain  to  be  solved  are  those  of  the  research 
worker's  status  and  of  the  conditions  under  which  he  returns  to 
his  country  of  origin  ;  no  uniform  status  exists  and  there  is  no 
framework  agreement  between  the  Member  States  of  the  Community  to 
settle  these  questions,  which  consequently  are  dealt  with  under 
bi lateral  or  mult  i lateral  agreements  between  the  parties 
concerned.  This  is  the  case,  ;n  particular,  with  the  agreement  on 
the  promotion  and  mobility  of  staff  in  the  field  of  Thermonuclear 
Fusion,      concluded    by    all     the     European    States     which  are 

3  This  is  not  the  case  for  JET,    third  countries  (Switzerland,  Sweden) 
having  the  same  advantages  as  Community  Member  States 
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participating  in  that  programme  and  the  European  Community.  Under 
that  agreement,  each  party  to  it  is  prepared  to  receive  staff 
seconded  frcm  the  other  parties  for  the  purpose  of  participating 
in  implementation  of  the  joint  project,  and  the  Commission  of  the 
European  Communi  ties  assumes  responsibi I i  ty  for  expend i  ture 
arising  from  the  secondment  of  such  staff  (travelling, 
allowances,  etc. ..) .The  contract  of  employment  between  the 
seconded  staff  and  their  original  employers  remains  in  force 
throughout  the  period  of  secondment  ;  likewise,  the  original 
employer  ensures  that  the  social  coverage  of  his  seconded  staff 
continues.  The  host  organization  places  its  equipment,  social 
services  and  other  facilities  at  the  disposal  of  the  seconded 
staff. 

It  should  also  be  noted  that  the  European  Economic  Community 
proposed,  in  the  context  of  its  activities  for  the  purpose  of 
stimulating  cooperation  and  scientific  and  technical  exchanges  at 
European  level,  that  it  support  a  number  of  ancillary  measures 
intended  to  contribute  to  promoting  the  mobility  of  scientific 
personnel  within  the  Community  (transport,  career,  information, 
etc. . .) . 


2 . 3.    Proposed  solutions 

From  the  examples  referred  to  above,  it  can  be  seen  that  one  of 
the  best  ways  of^.ftting  up  a  satisfactory  system  of  mobility  for 
research  workers  ,  without  creating  problems  concerning  subsequent 
employment,  is  to  base  the  system  on  secondment  from  a  research 
institute  or  body  in  the  country  of  origin  to  a  research  institute 
or  body  in  the  host  country.  In  this  connection,  the  agreement 
between  the  European  countries  on  the  joint  programme  on 
Controlled  Thermonuclear  Fusion  could  form  a  basis  on  which  an 
international  agreement  between  the  countries  which  participated 
in  the  Summit  could  be  concluded.  That  same  agreement  could 
provide  that  the  secondment  expeiditure  would  be  shared  between 
the  research  worker's  home  laboratory  and  the  host  body,  and  that 
the  latter  would  undertake  to  facilitate  the  integration  of  the 
seconded  research  worker  and  his  family  by  placing  accommodation 
at  his  disposal,  even  if  only  for  a  limited  period. 
Other  problems,  such  as  those  connected  with  taxes,  children's 
education,  equivalence  of  diplomas  and  work  permits  for  spouses 
require  lengthy  and  difficult  negotiations  before  they  can  be 
solved,  and  such  negotiations  could  be  initiated  forthwith. 
It  should  be  noted  in  this  regard  that  the  Council  of  Europe  was 
assigned  by  the  Ministerial  Conference  of  17  September  1984  the 
task  of  examining,    in  accordance  with  normal  procedures  and  in 


In  this  document  we  have  referred  to  the  case  of  expe*  tenced 
research  workers  ;  the  mobility  of  young  research  workers, 
particularly  during  their  first  employment,  gives  rise  to  deferent 
problems  and    should  doubtless  be  examined  in  greater  detail 
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cooperation  with  the  competent  national  authorities,  measures  to 
improve  the  mobility  of  research  workers  in  Europe.  This  could 
lead  to  measures  that  might  be  taken  within  the  broader  framework 
of  Summit  cooperation. 

Whilst  such  measures  are  awaited  it  would  in  any  case  be  useful  to 
inform  potent  i  a  I ly  mobi I  researchers  of  thei  r  riohts,  and  the 
f aci lit ies  offered  by  the  various  laboratories  collaborating  in 
the  HEP  and  fusion  fields. 

It  will  be  also  the  task  of  T6E  working  group  to  give  its  opinion 
upon  the  practicalities  of  setting  up  and  operating  such  an 
agreement  cr  convention. 
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3.    g^lgjigLe^gX-SCientific  and  technical  data5 
3.1.    Present  situation 

The  present  situation  in  Europe  is  described  in  the  ECFA  (European 
Committee     for     Future     /.ccelerators)     Report     ECFA/83/75  and 
references  to  a  more  detailed  description  of  the  requirements  can 
be   found  there.       The  modes  of   communication  which  are  needed  * 
include  : 

-  The  transmission  of  text  either  as  electronic  mail  or  long 
documents 

-  The  transmission  of  program  files  to  ensure  software 
standardization,  with  updating,  on  a  p.oject 

-  Re-;cte  terminal  access  and  remote  j  >b  submission  to  certain 
computer  facilities 

-  The  transmission  of  technical  data  in  graphical  form 

-  Th-?  transmission  of  data  from  experiments.  This  is  of 
particular  importance  for  fault  diagnosis  during  the  data-taking 
phase  *>f  an  experiment 

-  Tele-conferencing.  The  efficient  management  of  large 
collaborative  enterprises  requires  frequent  exchange  of 
information  and  views  leading  to  decision  on  policy  and  design. 

The  HEP  community  undertakes  its  research  in  international 
collaborations  which  span  the  continent*.  European  groups  make 
extensive  use  of  the  facilities  in  North  America  such  as  SLAC 
(near  San  Francisco)  and  Fermi  Lab  (near  Chicago).  Groups  from 
Canada,  Japan  and  the  US  (and  other  nations)  participate  in 
experiments  undertaken  at  the  European  Laboratories,  such  as  CERN 
and  DESY.  The  greater  distances  separating  those  involved  in  the 
large  intercontinental  collaborations  characteristic  of  High 
Energy  Physics  make  good  communication  facilities  essential. 

The  exchange  of  scientific  and  technical  information  in  high- 
technology  sectors  such  as  Controlled  Thermonuclear  Fusion  or 
High-Energy  Physics  is,  like  trade  in  scientific  and  technical 
equipment  or  the  mobility  of  research  workers,  a  prerequisite  for 
the  success  of  research  in  these  fields.  The  removal  of  obstacles 
to  such  an  exchange,    however,    depends  on  the  preparedness  of  the 


5  The  terme  scientific  and  technical  data"  means  solely  the  raw 
results  of  scientific  and  technical  experiments  and  never  the 
communications  and  publications  that  result  from  such  experiments. 
The  dissemination  of  knowledge  by  those  means  gives  rise  to  another, 
more  general,  problem  which  is  not  dealt  with  in  this  report 
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parties  concerned  to  communicate  information  which/  in  certain 
cases,  can  be  of  commercial  value  or  can  be  the  subject  of 
important  scient  i  f ic  communicat  ions . 

Apart  from  that  prerequisite,  there  are  still  many  obstacles, 
Mh?t"?f  at  technical  level,  in  view  of  *he  large  number  of  data  to 
be  transmitted  and  the  difficulties  associated  with  the 
interconnection  of  communications  networks,  at  economic  level,  in 
view  of  the  rates  charged  by  th<?  companies  responsible  for 
transmission,  or  even  at  political  level,  in  view  of  the  fact  that 
it  is  high  technologies  that  are  involved  here  ?nd  certain 
information  may  be  covered  by  military  or  industrial  secrecy. 

- 1 )    Technical  obstacles 

Intens  i ve  use  of  informat  ion  technologies  for  the  transmission 
and  processing  of  scientific  and  technical  data  has  been  3n 
important  step  in  the  rise  of  scient  if  ic  research  and,  in 
sectors  such  as  High-Energy  Physics  or  Controlled  Thermonuclear 
Fusion,  these  technologies  are  an  indispensable  instrument 
without  which  progress  would  be  impossible. 

In  the  case  of  High-Energy  Physics,  telecommunications  networks 
making  use  of  private  or  public  cables  at  present  < f fer  only 
I i mi  ted  poss ibi I i  t  ies  with  regard  to  trans mi  ssion  speeds 
(9  600  bits/sec)  and  there  are  very  tew  intercontinental  lines. 
In  the  near  future  (1  1/2  years),  it  seems  that  six  to  eight 
lines  between  Europe  and  the  USA  and  one  line  between  Japan  and 
the  USA,  all  restricted  to  9  600  bits/sec,  would  be  necessary  in 
order  to  meet  the  phyr icist s ' requi rements . 

In  two  or  three  years,  it  will  doubtless  be  necessary  to  set  up 
two  lines  capable  of  transmitting  at  the  rate  of  56  kbits/sec 
and  to  add  eight  to  ten  lines  between  Europe  and  the  USA  and  one 
line  between  Japan  and  the  USA  (all  capable  of  transmitting 
9  600  bits/sec).  Subsequently,  most  of  the  9  600  bits/sec  lines 
would  have  to  be  converted  to  56  Kbits/sec.  For  the  time  being, 
there  seems  to  be  no  urgent  need  to  set  up  1  Mbits/sec  links  ; 
nonetheless,  in  view  of  the  forecasts  made  by  the  High-Energy 
Physics  laboratories  for  the  end  of  the  decade,  it  can  he 
estimated  that  the  largest  countries  might  need  one  hour  per  day 
at  2  Mbits/sec  via  satellite. 

Two-way  communications  across  the  North  Atlantic  and  the  forth 
Pacific  could  also  turn  out  to  be  necessary. 

The  technical  obstacle  does  not  arise  sc  much  from  the  available 
capacity  or  number  of  lines,  since  technical  knowledge  and 
resources  are  such  that  industry  should  be  able  to  cope  with  the 
requirements  sketched  out  above,  as  from  the  compatibility  and 
interconnection   of    exisMng    networks    ;      the    most  difficult 
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problem  to  overcome  is  probably  the  absence  of  a  complete  set  of 
international  standards  in  this  field,  both  with  regard  to  the 
interface  of  means  of  telecommuni  cat  ion  and  to  the  software 
used.  In  particular,  the  network  access  protocols  would  have  to 
be  standardized  or  at  least  harmonized. 

The  ESPRIT  programme,  put  in  hand  within  the  framework  of  the 
EEC,  should  make  it  possible  to  solve  some  of  these  problems  in 
the  short  term,  particularly  those  which  concern  compatibility 
of  equipment  and  software  in  the"  di f f erent  European  countries  . 
The  quest  ion  will  arise  once  again  in  the  case  of  exchanges 
between  European,  American  and  Japanese  laboratories.  An 
experiment  on  the  cn-line  transmission  of  data  via  a  commercial 
telephone  rable  is,  however,  under  way  as  a  cooperative  project 
undertaken  by  Fermilab  and  the  University  of  Tsukuba. 

The  purpose  of  a  further  experiment  will  be  to  link  via 
satellite  the  data  base  of  the  Information  Centre  of  the  Nagoya 
Plasma-Physics  Institute  with  an  equivalent  data  base  in  the 
USA.  It  will  be  noted  on  this  point  that  the  potential  of 
satellite  transmi  ssion  is  very  high  and  should  provide 
increasingly  better  and  cheaper  means  of  communication. 
Encouragement  should  be  given  at  this  time  to  exploring  the  ways 
oy  which  the  scientific  community  can  take  advantage  of  the  new 
economies  brought  about  by  these  new  technologies  and, 
therefore,  the  broadest  set  of  potential  options  should  be 
reflected  in  the  planning. 


6  It  should  also  be  noted  tnat  the  Commission  of  the  European 
Communities  intends  to  implement  a  large-scale  programme  of  action 
for  the  balanced  development  at  European  level  of  the 
telecommunication  sector,  the  objective  of  which,  inter  alia,  is  to 
place  at  the  users*  disposal,  under  the  best  possible  cost  and  time 
conditions,  the  equipment  and  services  most  likely  to  meet  their 
future  requirements 
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3.1.2)    Economical  Obstacles 

Making  use  of  public  data  transmission  networks,  as  things  stand 
at  present,  is  often  the  only  solution  available  to  laboratories 
and  research  bodies  that  wish  to  exchange  information. 

In  part  icular,  where  High-Energy  Physics  is  concerned  : 
"in  France,  there  is  a  lot  of  networking  activi ty  in  the 
laboratories  of  the  Paris  region,  from  where  previously 
installed  permanent  connections 'exist  to  different  locations  in 
France  and  to  CERN  ;  there  is  also  a  permanent  connection 
between  Annecy  and  CERN.  In  Germany,  it  may  be  noted  that  an 
important  new  project  has  been  started  under  the  name  DFN 
(Oeutsches  Forschungsnetz)  with  the  ai?  of  providing  high-level 
services  over  the  DATEX-P  public  network.  In  Italy,  there  does 
not  exist  yet  a  public  data  network  ;  various  laboratories  of 
the  INFN  (Istituto  Nazionale  di  Fisica  Nucleare)  are  linked  by  a 
private  DECNET  network,  which  has  a  connection  to  CERNET. 
In  Switzerland,  the  public  network  is  fairly  new  and  is  Still 
missing  some  international  connections.  In  the  United  Kingdom, 
besides  the  public  PSS  network,  there  exists  a  very  important 
private  network  operated  by  the  Computer  Beard,  JANET  (Joint 
Academic  Network)  ;  it  is  derived  from  the  network  previously 
operated  by  the  Science  and  Engineering  Research  Council, 
SERCNET  ;  JANET  is  connected  to  PSS  and  to  some  computers  at 
CERN.  There  is  also  a  permanent  connection  between  the 
Rutherford  Appleton  Laboratory  and  the  DESY  Laboratory. 

The  possibility  of  connection  to  American  networks,  including 
ARPANET,  GITNET,  TELENET  and  TYMNET,  has  been  surveyed.  Apart 
from  what  is  offered  by  most  of  the  European  public  networks, 
i.e.  essentially  access  to  TELENET  and  TYMNET  with  gateways  to 
other  networks,  some  more  information  is  available  on  a  direct 
connection  between  ARPANET  and  SERCNET  and  on  CSNET,  a  new 
project  of  the  American  National  Science  Foundation. 

Connections  also  exist  between  the  European  networks  and  OATAPAC 
(Canada)  and  VENUS-P  (Japan).  Contacts  are  b.Mng  established 
with  the  HEP  groups  in  these  countries"  . 

In  the  field  of  Controlled  Thermonuclear  Fusion,  laboratories 
and  research  centres  make  use  in  most  cases  of  the  same  public 
networks,  but  it  has  been  noted  that  the  private  links  between 
research  centres  are  less  developed  than  in  the  case  of  High- 
Energy  Physics.  This  is  probably  due  to  the  fact  that,  in  this 
field,  on- 1 ine  data  processing  is  not  requi red  to  the  same 
extent . 
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This  use  of  public  data  transmission  networks,  fn  view  of  the 
rates  charged  by  the  PTTs,  gives  rise  to  considerable 
expenditure,  particularly  in  the  case  of  High-Energy  Physics. 
In  this  regard,  it  would  doubtless  be  advisable  to  activate 
negotiations  with  the  PTTs  in  order  to  obtain  preferential  ra'<es 
or  the  allocation  of  special  lines,  with  regard,  in  particular, 
to  international  links,  it  would  be  necessary,  on  the  one  hand, 
for  the  PTTs  to  charge  rates  comparable  to  those  applicable  at 
national  level  and,  on  the  other  hand,  for  them  to  authorize 
free  interconnection  of  the  networks  reserved  for  scientific  and 
technical  users.  It  should  be  noted  that  several  studies  have 
been  undertaken  within  the  European  framework  with  a  view  to 
defining  the  characteristics  of  a  high-speed  European  network  in 
cooperation  either  with  private  firms  or  with  the  PTT 
administrations.  Pending  completion  of  such  projects,  the 
interconnection  of  all  the  X  25  national  networks  would  be  of 
primary  importance. 


3.1.3)    Political  obstacles 

The  political  obstacles  are  real,  but  probably  less  difficult  to 
surmount,  particularly  in  the  field  of  High-Energy  Physics, 
where  the  results  are  hardly  likely  to  be  covered  by  military  or 
industrial  secrecy.  Where  Fusion  is  concerned,  close  scientific 
and  technical  cooperation  derives  from  a  declared  political  will 
to  ensure  that  participants  exchange  the  most  important 
scientific  and  technical  information  relating  to  this  sector. 
(In  this  connection,  if  an  agreement  between  the  countries  which 
participated  in  the  Summit  is  to  be  concluded  in  this  field,  it 
would  be  advisable  to  incorporate  in  it  a  clause  concerning  the 
dissemination  of  results). 


3.2.    Requirements  for  the  coming  decade  : 
On  bandwidth  : 

1.  The  HEP  community  in  Europe  requires  in  two  or  three  years 
access  to  public  data  networks  at  medium  (56  Kbps)  and,  by  the 
end  of  the  decade,  high  (IMbps)  bandwidths  with  international 
links  able  to  operate  at  the  high  bandwidth. 

2.  The  average  total  international  traffic  generated  at  medium 
bandwidths  is  250  K  bits/second  during  the  working  week.  The 
high  bandwidth  traffic  could  reach  2  Megabits/second  at  the  end 
of  the  decade  when  new  accelerators  are  in  full  operation  in 
Europe  and  the  US. 
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Technical  barriers  : 

3.  It  is  essential  that  rapid  agreement  is  reached  on  ISO 
standards  for  communications. 

4.  Manufacturers  must  be  strongly  encouraged  to  support  these 
standards  as  they  are  agreed,  by  setting  public  sector 
procurement  requirements,  if  necessary. 

Cost  factors  : 

5.  An  "academic  discount"  should  be  given  for  the  use  of  computer 
communication  services  by  the  academic  community. 

6.  International  tariffs  should  be  set  at  a  level  much  closer  to 
those  for  national  services. 

PTT  factors  : 

7.  full  international  interconnection  of  all  national  public  data 
networks  is  essential. 

8.  Until  recommendations  (1)  and  (6),  in  particular,  are 
satisfied,  the  interconnection  of  international  leased  lines 
for  academic  use  should  be  permitted  without  restriction  or 
additional  charge. 
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Conclusions 

It  is  clear  that  the  removal  of  certain  administrative  obstacles 
would  greatly  improve  and  facilitate  international  cooperation  in 
several  areas  of  science  and  technology.  Because  enhanced 
international  collaboration  implies  cost  sharing  and  cross 
participation  in  the  construction  and  exploitation  of  regional 
devices,  new  administrative  procedures  are  imperative,  many  of  the 
present  procedures  being  serious  obstacles  to  effective  cooperation. 

More  specifically,  the  HEP  »nd  Fusion  Working  Groups  having  examined 
this  report  at  their  Cadarache  meeting  on  January  13  to  16  recommend 
that  attention  should  be  given  to  the  following  questions  : 

a)  Cross  participation  in  projects  through  the  provision  of 
scienti  f ic  equipment  and  components  for  major  facilities  is 
currently  hampered  by  the  fact  that  tariff  and  tax  exemptions  are 
only  provided  for  short  durations  that  are  not  compatible  with 
the  tiire  frame  of  the  collaboration,  which  may  last  for  more  than 
10  yeais. 

b)  The  exchange  of  scientific  and  technical  staff  is  an  important 
factor  in  international  collaboration.  Increased  collaboration 
can  become  a  reality  only  if  the  responsible  authorities  create 
conditions  suitable  for  the  easy  exchange  of  scientific  staff. 

There  are  several  such  conditions,  notably  : 

-  to  simplify  the  administrative  admission  formalities  in  the  host 
country  ; 

-  to  facilitate  integration  of  the  research  worker  and  his  family 
in  the  host  country  ; 

-  .o  guarantee  adequate  social  coverage. 

c)  Da-.a  transmission  is  an  important  aspect  of  the  work  of  the  HEP 
and  Fusion  Communities.  The  acceptance  of  cross  participation  in 
facilities,  which  are  widely  separated  geographically,  relies 
heavily  on  inexpensive  and  efficient  data  transmission.  Two 
aspects  have  been  singled  out  for  urgent  consideration  within  the 
Versailles  Working  Group  "Technology,  Growth  and  Employment" 
framework  : 

-  the  review  of  the  charging  policy  for  scientific  data 
transmission  across  borders  ; 

-  the  promotion  of  effective  data  communication  standards  in  order 
to  ensure  compatibility. 
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The  Working  Groups  recommend  to  the  Versailles  Working  Group 
"Technology,  Growth  and  Employment"  thot  a  study  be  conducted  on 
this  subject  subsequent  to  the  8onn  Summit  and  that  a  report  on  the 
steps  that  might  be  taken  to  improve  conditions  related  to  the  above 
mentioned  administrative  impediments  to  effective  cooperation  be 
submitted  to  the  subsequent  Economic  Summit. 
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Heport  to  the  Working  Group 
on  Technology,  Growth,  and  employment 
Bonn  Economic  Summit 
Hay  1985 

Area  for  Collaboration:  High  Energy  Physics 

Lead  Country:  United  States  of  America 

Participants:  Canada,  France,  Federal  Republic  of  Germany, 

Italy,  Japan,  United  Kingdom,  European 
Communities 

AIM 

The  aim  of  the  Summit  Working  Group  on  High  Eneryy  Physics  is  to  further 
develop  international  collaboration  to  foster  progress  in  this  field  of 
scientific  research. 

ACTIVITIES 

In  regard  to  Article  22  of  the  "Technology,  Growth,  Employment"  Working 
Group  report  to  the  London  Summit,  the  High  Energy  Physics  Working  Group  has 
found  that,  since  its  establishment,  international  collaboration  has 
increased  in  the  use  of  present  accelerators  and  in  the  planning  for  future 
lnAAatar^S\  H?re?yer>  continuing  collaboration  in  long-range  accelerator 
and  detector  technology  development  will  lay  the  groundwork  for  further 
international  collaboration  in  construction  and  use  of  future  accelerators 
m  this  area  of  fundamental  research.    The  Working  Group  has  identified  a 
number  of  obstacles  of  an  administrative  nature  that  hamper  effective 
collaboration. 

OUTLOOK 

This  Working  Group  las  provided  a  unique  forum  for  discussion  of  this  area 
of  basic  science.    It  is  of  the  greatest  importance  to  continue  to  review 
long-cerm  plans  for  major  facilities  and  related  technological  research 
activities  on  an  intergovernmental  basis.    This  should  enable  progress  in 
this  most  fundamental  science,  rich  in  technical  spin-offs,  to  continue  in 
an  orderly,  cost-effective  way  within  limited  resources. 

It  it  hoped  that  a  Summit  endorsement  of  an  indepth  review  of  administrative 
obstacles  to  effective  international  collaboration  in  science  and  technology 
will  lead  to  coordinated  act:on  to  eliminate  them  or  to  mitioate  their 
negative  impact.  3 
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APPENDIX  A 


Chiteau  de  Versailles 
4,  Set  6  juin  1982 


DECLARATION  Of  TBE  SEVEN  BEADS  Of  STATE  AftD  GOVERNMENT 
AND  REPRESENTATIVES  Of  TBE  EUROPEAN  COMMUNITIES 


In  the  course  of  cnr*  muting  at  Versaillee  we  hav*  deepened 
our  mutual  underetanding  of  the  gravity  of  the  world  economic 
situation,  and  we  hav*  agreed  on  a  lumber  of  objectivee  for  urgent 
action  with  a  view  to  improving  it* 

Ve  affirm  that  the  iryrovement  of  the  preeent  situation,  by  a 
further  reduction  of  inflation  and  by  a  return  to  cteady  growth  and 
higher  levels  of  employment,  will  strengthen  our  Joint  capacity  to 
safsguard  our  sscurity,  to  maintain  eonfidencs  in  ths  democratic  valuee 
that  we  ehare,  and  to  preeerve  the  cultural  heritage  of  our  peoples  in 
all  their  diversity*  full  employment,  price  stability  ant  sustained  and 
balanced  growth  are  ambitious  objectivee*  Thsy  ars  attaincbls  in  the 
coning  yeare  only  if  we  pursue  policiee  which  encourage  productive 
investment  and  technological  progress  ;  if,  in  addition  to  our  own 
individual  sf forts,  we  ore  willing  to  Join  forcee,  if  each  country  ie 
eensitive  to  the  effecte  of  ite  policiee  on  others  and  if  we 
collaborate  in  promoting  world  development* 

In  this  spirit,  we  have  decided  to  implement  the  following 
lines  of  action  : 

-  Growth  and  employment  mst  be  increased*  This  will  be 
attained  on  a  durable  basis  only  if  we  are  successful  in  our  continuing 
fight  against  inflation*  That  will  also  help  to  bring  down  interest 
ratss,  which  are  now  unaccsptably  high,  and  to  bring  about  sore  stabls 
exchange  ratee*  In  order  to  achieve  this  eeeential  reduction  of  real 
inter eet  ratee,  we  will  a*  a  matter  of  urgency  pursue  prudent 
monetary  policiee  and  achieve  greater  control  of  budgetary  deficite*It 
is  ssssntial  to  intensify  our  economic-  and  monetary  cooperation*  In 
thie  regard,  we  will  work  towards  a  constructive  and  orderly  evolution 
of  the  international  monetary  system  by  a  eloeer  cooperation  among  the 
authoritiee  repreeenting  the  aurrencies  of  north  America,  of  Japan  and 
of  the  European  Commmity  in  pursuing  medium-tern  economic  and  monetary 
objectivee*  In  thie  respect,  we  have  co^ltted  oursslvss  to  the 
undertakings  contained  in  the  attached  statement* 

-  Ths  growth  of  world  trade  in  all  ite  facets  ie  both  a 
neeeeeary  element  for  the  growth  of  each  country  and  a  consequence  of 
that  growth*  Ve  reaffirm  our  commitment  to  strengthening  the  open 
multilateral  trading  system  as  embodied  in  the  CATT  and  to  maintaining 
ite  effective  operation*  In  order  to  promote  etcbility  and  employment 
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tr^du^ortiy  practice,.  «,  are  mtf  tompUt,  S. 

to  ttrmgthmt  and  term  t*«  MlKfatraZ  «wt«-,  «n5  to^mi 

^"•*M  *"*  «W«t  on  tft.  r«J&  tf**.  «S 

export  credit  ooneeneue. 

approach  Z' tsTV tlg^lS  LST^t^  *****  «o**o 

^ffiffiLgTS  £  •*"■*•*•  ^  *o  «...  comtruTeM 
national  arrangement*  for  th*  enforcement  of  eeeuHty  control: 

?'  ."^    .eononie,    commercial    and  financial    relation,   nil*  tk! 

emrtiowly  financial  rtlation*  with  the  O.S.S.It.  and  otter  ta\tern 
European  countH*.    in  euch  a  uiy  tjKrt  ^  „ 

on  a  Muni  .jenomfe  bart,.  including  al*o  th,  n**d  for  co^rlZl 
prudence  in  luting jrport  credit,.  Th,  development  of  ccZZSTand 
financial  relation.  Ml  be  *ubj*et  to  ptriodic  eWpoet  revieTT^ 

-         -  nf  v  hav,  already  made  do,,  not  diminUh  the  need 

for  continuing  effort,  to  taonomU,  on  mwrgy,  particularly  trough 
the  price  mechanic*,  and  to  promote  alUrnativ,  eoiirecT  inaU^ 

'ZZu  "TSLv^  ""S*1  a  l<m9-f™  r*~P**H~.  Th,,,%ffcrt1$i 
nablt  ue  further  to  reduce  our  vulnerability  to  interruption*  in  th, 

en7rll  tZSZLT*  ^^"^  *  CooporaHontodZ,^  nZ 

ineroy  technologies,  and  to  etrenjihtn  our  capacity  to  deal  Jith 
di*ruptum,.  can  contribute  to  our  eomon  ^rgy^tecuritv.ffe  AaU. 

?£?£r  ™°°°P*^°n  **£th  SESporHno  all 
oil-importing  developing  countri**.  * 

-  Th,  growth  of  th*  developing  countri,*  and  the  deevenine  of 
a  o^tructive  relationehip  uith  the*  are  vital  for  Apolitical' and 

maintained  and  that  their  amount  and  their  effeetioeneu  ehould  be 
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increaeed  as  far  ae  poeeible,  with  respcnsibilitise  shared  broadly 
among  all  eountriee  capable  of  making  a  contribution,  The  launching  of 
global  negotiations  ie  m  major  political  objective  approved  by  all 
participantc  in  the  Summit*  The  latest  draft  resolution  circulated  by 
the  Group  of  the  77  is  helpful,  end  the  discussion  at  fereaillee  shooed 
general  acceptance  of  the  view  that  it  would  eerve  as  a  basis  for 
consultations  with  the  eountriee  concerned*  We  believe  that  there  ie 
not  a  good  proepeet  for  the  early  launching  and  eueeeee  of  the  global 
negotiations  ,  provided  that  the  independence  of  the  Speeialieed 
Agenciee  ie  guaranteed.  At  the  sane  time,  ye  are  prepared  to  .continue 
and  develop  practical  cooperation  with  the  developing  eountriee  through 
innovations  within  Vis  World  Bank,  through  our  support  of  the  work  of 
ths  Regional  Development  Banks,  through  progreee  in  countering 
instability  of  commodity  export  earnings,  through  the  encouragement  of 
private  capital  flows,  including  international  arrangements  to  (strove 
the  conditions  for  private  investment,  and  through  a  further 
concentration  of  official  assietanee  on  ths  poorer  eountriee*  Thie  ie 
why  we  eee  a  need  for  special  temporary  arrangemente  to  overcome 
funding  problems  for  IDA  71,  and  for  an  early  etart  to  consideration  of 
IDA  711.  We  will  give  special  encouragement  to  programme  or 
arrangemente  designed  to  increase  food  and  energy  production  in 
developing  countries  which  have  to  import  these  essentials,  and  to 
programmee  to  addreee  the  implications  of  population  growth* 

In  the  field  of  balance  of  payments  supports  we  look  forward 
to  progreee  at  the  September  IHF  Annual  Meeting  towards  settling  the 
increase  in  the  size  of  the  fund  appropriate  to  the  coming  Eighth  Quota 
Review* 

-  Rsvitalieation  and  growth  of  the  world  economy  will  depend 
not  only  on  our  own  effort  but  aleo  to  a  large  extent  upon  cooperation 
among  our  eountriee  and  with  other  eountriee  in  the  exploitation  of 
ecientific  and  technological  development*  We  have  to  exploit  the 
immense  opportunities  presented  by  the  new  technologies,  particularly 
for  creating  new  employment*  We  need  to  remove  barriere  to,  and  to 
promote,  the  development  of  and  trade  in  new  teehnologiee  both  in  the 
public  eector  and  in  the  private  eeetor*  Our  eountriee  will  need  to 
train  men  and  women  in  the  new  teehnologiee  and  to  create  the  economic, 
eocial  and  cultural  conditions  which  allow  these  teehnologiee  to 
develop  and  flourish*  We  have  considered  the  report  presented  to  us  on 
thsee  issues  by  the  President  of  the  French  Republic.  In  thie  context 
we  have  decided  to  eet  up  promptly' a  working  group  of  representatives 
of  our  governmente  and  of  the  European  Community  to  develop,  in  eloee 
consultation  -with  the  appropriate  international  institutions, 
especially  the  OICD,  proposals  to  give  h*lp  to  attain  these 
objectivee.Thie  group  will  be  asked  to  submit  its  report  to  ue  by  $1 
December  2  $92*  The  conclusion  of  ths  report  and  the  resulting  action 
will  be  considered  at  the  next  economic  Summit  to  be  held  in  198$  in 
the  United  States  of  America* 
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APPENDIX  8 


Excerpt  from  the  Communique 
of  the  London  Economic  Summit 
June  9,  1984 


We,  the  heads  of  state  or  government  of  seven  major  Industrialized 
countries  and  the  President  of  the  Commission  of  the  European  Communities, 
have  gathered  in  London  from  7  to  9  June  1984  at  the  Invitation  of  the  Right 
Honorable  Margaret  Thatcher,  the  Prime  Minister  of  the  United  Kingdom,  for 
the  10th  annual  economic  summit* 


The  primary  purpose  of  these  meetings  1s  to  enable  heads  of  state  or 
government  to  come  together  to  discuss  economic  problems,  prospects  and 
opportunities  for  our  countries  and  for  the  world.   We  have  been  able  to 
achieve  not  only  closer  understanding  of  each  other's  positions  and  views 
but  also  a  large  measure  of  agreement  on  the  basic  objectives  of  our 
respective  policies. 


MWe  welcome  the  further  report  of  the  working  group  on  technology, 
growth  and  employment  created  by  the  Versailles  economic  summit  and  the 
progress  made  In  the  18  areas  of  cooperation  and  Invite  the  group  to  pursue 
further  work  and  to  report  to  personal  representatives  1n  time  for  the  next 
economic  summit.  We  also  welcome  the  invitation  of  the  Italian  Government 
to  an  international  conference  to  be  held  1n  Italy  1n  1985  on  the  theme  of 
technological  innovation  and  the  creation  of  new  jobs." 


[2] 
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APPENDIX  C 

Working  Group 
oo  Technology,  Growth  tod  Employment 
established  by  the  Heads  of  State  and  Government 
at  the  Versailles  Summit, 
June  4,  5  and  6,  1982 


TECHNOLOGY 

GROWTH 
EMPLOYMENT 


J*du#  ;  19*3 
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EXECUTIVE  SUMMARY 


T*»fcjfiM(k)»  mi  growth    tkt  worid  teoncmy  wK  dtpmt 


depmd  Mof  onry  on 

OUT  COUHtfiM 


^^.^  t!^  ^J"***  mdtocrmtemt  economic, 
mi  atom*  omdkkm  which  mew  them  tofcwfcgta  m  stoefcp  and 
*■  S ft*  town*  rtaar  mmm  iy  i/W 


****  VjwHfe  M  <*f  earn**  a*  Am  sftdsW  (oZirp 

prwsteir/  «  *****  group  of  npmmmtim  of  mr  mwmmm  md  of  the 
gjgg?  9S»  *  *        vmm\Mmi  with  the  opproprieu 

Imernetiomi  kmltutiom,  mpmtmy  the  OECD,  peopoeeU  to  gWe  help  to  main 
thorn  <*^J»W  w»  *t  saUc*  «9  KM  to  report  to  m  by 
31^ December  1962.  The  emdmkm  of  the  mort  md  the  remdttn*  action 
^  ^^omimrod  et  the  mva  mommk  Smmk  to  be  held  bt  19*3  b*  the 
VmmJ  Stem  of  AmmkmT 

Diefarttai  of  e»  ttrm         ot  9m  mi  Co  Md  laj  I   of 

we  Estopeaa  OhmMh, 

CMim  of  VwhIWii,  Jum  4,  9  sad  C,  M2. 


with  this  instruction,  and  at  the  bhUthre  of  the  FrosMent  of 
the  French  Republic,  a  Wotting  Group  of  Representatives  of  Sever  Heads  of 
Stale  and  Government  and  the  Representatives  of  the  European  Ct^xmmhks 
was  aet  up  to  consider  the  opportunities,  problems,  and  challenges  presented  by 
tsdmology.  vim  special  regard  to  economic  growth  and  employment  The 
Working  Group  met  for  the  first  thee  on  August  Zfch,  1902. 


Operating  on  the  basis  of  consensus,  the  World*  Group  has  produced  a 
report  which  k  issinUally  pcteyoriomod  to  nature  ami  Is  addressed  to  I  Vads  of 
State  and  Government*.  He  report  is  selective:  it  ccmcentmtes  on  cur  own 
countries  except  where  we  scale  otherwise.  It  also  concentrates  on  problems 
where  educe  and  technology  offer  potential  solutions,  but  it  does  not  pretend 
that  science  and  technology  provkb  a  panacea. 
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^  Tto  O^^coBplihd  to  mk,  mi  bm dfawd  tt»  faflowfag  cotfarioi 

•Mtjor  Wmmm  tm  *****  mi  technology  here  oemod  profound  chenem  bt 
todey*         *9*mT       ***  rhm  ********* 

•Pu*e*mmm*d  tdentUic  reneerch  ht  cm  mwtcx  c4  Hcmumemwl  bnmmm  bt 

»  *wr^m^mwwm*mmm**w    mm*^^w+*gmr    wmmnwom*"*    mm    wwww    WWfW    *  g     ^^fWWVpnMI     MlMf^P  ##* 

indtmry  ami  thould  be  gfroo  tpirirf  «^on  #7  fnwr^puwu. 
•Technolcejfeei  innovation  cm  ffay  •*  Import**)  role  m  tho  mcr*m*t  of  the  level 
of  employment  and  the  improvement  oj^J*bo*r  conditions   Special  training 

•VHT  MROW  OTUMM  ROT  #>  MMr  wjf*f%  *9-  prepare  KHf  ffWW  fPr  fTFing 

•The  ft*}  of  o*t  ociontffic  and,  Pid&oioMU&i  bmtn*tiont  It  lerenbr  a  function  of 
tm  wUlingmem  of  tm  public  to  eccspt  menu  Hon  attention  to  th$  probkm  of 
public  ecceptonce  of  new,nKhnoloafee  It  needed. 

•Sport*9  emntion  ekvuld  bo  poU  to  tm  rofxveneoion  of  mcture  mduttrm  through 
the  utf  of  edence  ond  nxhnology. 

•Suohdnoi  tochnkoi  preejnee  *  boot  promoted  throngfi  a  baloncod  d&rtbutkm 
of  productivity  gabet  betwam  further  btveetnwnt  oni  increated  connunpticn, 
•An  open  ond  ivmpafUfH  trejdbnj  oyotmv  botwoon  ontononwt*  but  €*hmoratb*j 
partnen  should  bo  ttrongthmoi  by  hertnorn^tbtg  ond  vnoklnM  more  compatible 
our  regulatory  oni  tooting  r*iwm.  Con  mmt  bo  Idem  by  epvarnmomtt  to 
control  tm  tremfer  of  mtoklve  **jb**to*m  of  mllimy  MgnJficance  to  our 
wjntri*u  5 

•ocwncv  mm  mennotogy  con  ee  appnea  fo  many  of  out  prootfme  jacee  oy  itm 
developing  world.  At  developing  countrkt  erooto  mfmiructum  In  edence  ond 
uxhnology,  our  own  countries  ehould  recogniee  tho  constructive  roto  which  thty 
oro  able  to  ploy,  mindful  that  it  It  tho  mponmbUity  of  tho  developing  countriet. 
m  oomtSm  mnont,  to  ott*Mh  thoir  own  neHonat  polidee  ond  prW&n. 

•Tho  rnerhet  introduction  of  now  tochnologfat  w  pHntorOy  tho  tntk  of  tho 
buLatrud  and  eommmwdml  mtcton.    A  *h*t*nmtt  If  0**nti*t  for 

W^**m*t* #  ***    **FW*m    M^rWTVWvfV    nmumpm^wH      «•   iWfff»WH#Fw    W*ww*on*)mw^*nj*f    **}  wwriliw 

tht$  type  of  mimotim,  tbteo  It  crates  «  continue**  evolution  of  tochnotogjcol 
prpgrom  ono\  theroby,  hftgtom  oconomk  growth.  (hvttmnenU  mould  ouppmt 
f  -  .idmmtntd  tsrlonco  ond  long  mm.  higfam  r***reh  md  dotolopmr*  octhritUt. 

•QwonmmU  nstd  to  mmroto  end  mpport  tho  fmvowork  cctf'tfom  for 
werkobk  compoatlon  s&  provide  myontlm  for  Inxovotkm  through  it*  oncou* 
Togptncnt  of  InttfKtion  oni  htvtotfntftt  bt  Snno  itat/^w. 

•Notion*'  poiidm  m  moot  oudt  m  ro*uktory  *mdordt,  kvt,  potont  ond  trodo  oU 
mfhmct  our  obWty  is  bwtemtt  oni  to  tmp  tho  fuh  b&wflit  of  amcmhtu 
Tho  Group  mogninrj  ond  ondorm  tho  offorte  of  &t$OECD  to  molt*  t*m 
of  the  t&blemf  f**J  bt  thbj  cat.  We  reaffirm  cmr  vmmifnwnt  to  nnuvbtg 
frrrrien  to  **  open  mtmmtoret  trading  tyetcm,  to  ttren&henmg  the  ndee  in 
the  coKUKtten,  otul  to  promoting  the  domofr*ont  of  tnio    nr«y  *jchnologi*^ 
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portkuimly  fm  crootmg  new  eutpioyment,  mi  therefor  rt  $hoO  mm  m  muontify 
mm  mmm  aimmfr  mi  moMmmmt  frr*  /*  Ait  ranart\  At  Group  antes 
mom  mm  mxmtltm  of  mm  mm  mm  bo  purmei  m  oW  OATT  CmmdL 
•Science  mimchnolegy  mm  mmm  of  mmjmd  mi  mmwAtrnd  mmmh  mi 
to  ^mmn  opportunism  for  revimtmtiou  omi  growth  of  the  world 
They  mmii  therefore  ho  mmm  mm  mmUommm  m  eft  pottcy 
for  momnot  iemhpmont  mi  mmmmmmmot  tmmmwfim 


eledmono  fm  nmtionoi  oe^miopnmnt  omi  mnmmotionoi  cooperoHon, 
•ImmommM  ooopermtum  m  mmm  mi  mmohgj  km  mmomonmml  to 
mm,  Oommomom  mmii  mmmm  to  mmort  mmmmn.  mummg  mm  mm* 
mosiommt  odomtfic  orgsnmaonns. 

•With  current  economic  itffkuitim  mi  with  mmkmd  budgets  subject  $o  rooter 


V  k  mmkm  omm  mom  mmm  m  eooporm  mmmoiimatty.  "as  portkular, 

fa  hmm  *mm  *T  t-     *   «    --- -*  — *- 

•»  m>m*t  w  mf  mgWTm*  HHVCR  OWm  WFWpWW  pTOfOCtS, 

•Airemfy  existing  mmmmami  mmmmm  m  science  mi  mchnoiogy  mmii  bo 
continued  mi,  where  ompromkm,  eutewguL  Ax  effective  oxekmm  of  mm 
mi  mmxkm  mmM  bo  strongly  eucouriMi. 

•The  eoopormm  bopm  under  the  ousplcm  of  this  Working  Group  form  o 
sold  mm  fm  future  octkm  omi  mmii  continue  in  the  reievmt  form. 
•fmoBy,  we  mmmmi  to  our  Heeds  of  State  uut  Government  thmt  homing 
m  mind  the  role  thet  mmm  muz  tochmhgy  em  ploy  in  improving  economic 
growth  mi  mmvioyment,  mi  in  smudmuw  culture  mo'  oitmtkm.  they  toko 
science  end  mdmohr*  mio  eccount  m  their  policy  decisions  mi  continue  to 
mdude  Om  mbfoct  c-i  their  ogenio  et  future  Summit  meeting 

The  Working  Group  he*  also  revkwisd  a  amber  of  tdmtific  end  techno 
fegcal  issues  wrm  *  view  tower*  determining  where  additional  international 
collaboration  eoold.be*  eontribote  to  taereeeed  understanding  end  improved 
social  end  economic  conditions,  not  csdy  for  our  own  people,  hot  for  ell  the 
world* 

In  tide  process,  ve  noted  that  e  wkfe  range  of  cooperation  it  already  under 
way  in  important  and  wide  spread  areas  each  as: 
—conquest  of  space; 
—renewable  sources  of  energy; 
lesnrUi  on  safety  of  light  water  reactors; 
i  drilling. 


We  appreciate  this  effort  and  encourage  its  development  using  existing 
multilateral  aad  bilateral  handworks. 

We  also  propose  the  following  collaborative  project*  which  are  either  new 
or  incorporate  significant  luJocossing  in  order  to  achieve: 

^Stimulation  of  the  conditions  for  growth  by  better  management  of  energy 
resources  by: 

—photovoltaic  solar  energy; 

— control!*;  thermonuclear  fusion; 

— fhceotyntfc^; 

-  -fast  brsecV  ;* 
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-  *     Mi  J  i  .   -  -  •   *   t|  -  tl 

oc  ■nog  ooouzDoot,  wiTfi*  lyiiMiir,  km  proocnoo  o»  tdc 
tnfovpp: 
t  Mn|  fron  space; 


urban  ptmiQf  foe  developing  OOCBttlHS 


— «w  tedttotafiie  mlied  to  •ducation,  vocational  trafa^of  and  culture; 
public  acceptance  of  new  larhnnlogfr*. 


IV.  General  lucrum  of  edaotific  koowWdea.  particularly  {a: 
biological  eckocea; 


— -high  energy  phytic*; 
— •our  i 


•  ryaftam  exploration. 
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APPENDIX  0 


Working  Group  on 
Technology,  Growth,  and  Employment 
January  1933 


Charges  to  the  United  States  of  America 


GENERAL  INCREASES 

IN  BASIC  SCIENTIFIC  KNOWLEDGE, 

PARTICULARLY  IN 

HIGH  ENERGY  PHYSICS 
(United  States  of  America) 

High  energy  physics  is  an  important  basic  research  activity  which 
addresses  the  most  fundamental  questions  of  the  nature  of  matter*  This 
field  has  had  many  spinoffs  of  direct  application  to  other  areas  of  science 
and  technology*   Experimental  research  in  high  energy  physics  requires  the 
use  of  a  limited  number  of  expensive  particle  accelerators  and  colliding 
beam  facilities  which  have  been  constructed  with  government  support* 

A  few  large  and  costly  machines  are  being  constructed  in  different 
regions  of  the  world  to  meet  future  needs*    It  1s  anticipated  that 
scientists  from  each  region  will  continue  to  be  able  to  participate  1n 
experiments  at  these  large  facilities  on  the  basis  of  the  scientific  merit 
of  their  proposals*   Such  international  collaboration  avoids  unnecessary 
duplication  of  costly  facilities* 

In  the  mid-1990's  further  progress  will  probably  require  a  new 
generation  of  very  high  energy  accelerators  costing  huge  sums  of  money* 
Such  facilities  are  likely  to  exceed  the  financial  capabilities  of  any 
single  nation  or  region*   An  international  cooperative  program  should 
therefore  be  considered*    The  decade  of  effort  required  for  definition, 
design,  and  construction  indicates  that  these  discussions  should  begin  in 
the  near  future* 
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APPENDIX  E 


Report  to  the  Working  Group 
on  Technology,  Growth,  and  Employment 
London  Economic  Summit 
June  1984 


Area  for  Collaboration: 


High  Energy  Physics 


Lead  Country: 


United  States  of  America 


Participants: 


Canada,  France,  Federal  Republic  of  Germany, 
Italy,  Japan,  United  Kingdom,  European 
Communities 


The  aim  of  the  Summit  Working  Group  1n  high  energy  physics  is  to  further 
develop  Intranational  collaboration  to  foster  progress  1n  this  field  of 
sdentl  f  1c  »  jrch. 

ACTIVITIES 

The  Working  Group  has  surveyed  the  existing  national  programs  and  their 
associated  International  activities  and  commitments  for  major  new  facilities 
that  have  been  made  or  proposed  by  Summit  member  nations.   The  general 
consensus  was  that  worldwide  collaboration  works  well.  Major  research 
projects  1n  high  energy  physics  are  seldom  dene  exclusively  by  groups  or 
Individuals  from  any  one  nation.   The  existing  arrangements  for 
collaboration  should  be  maintained  as  the  essential  basis  for  future 
international  cooperation. 

At  the  present  time,  a  number  of  major  new  accelerator  projects  are  being 
built  in  Germany,  Japan,  the  United  States,  and  at  CERN.    Looking  further  to 
the  future,  there  are  proposals  both  1n  Europe  and  the  United  States  for  new 
colliding  beam  accelerators.   Because  these  commitments  and  proposals  extend 
Into  the  1990's,  the  Working  Group  concluded  that  it  was  not  possible  to 
plan  for  the  long-term  at  this  time.    However,  substantial  research  and 
development  is  needed  1n  the  necessary  accelerator  and  detector  technology 
for  projects  beyond  those  under  construction  and  proposed.    It  was  decided 
to  explore  the  possibility  that  this  research  and  development  could  be 
conducted  1n  collaboration  1n  the  spirit  of  the  Declaration  of  Versailles. 
A  subpanel  of  technical  experts  from  each  Suirtmlt  member  was  established  to 
recommend  specific  technical  areas  for  near-term  joint  collaborative 
research.    The  subpanel  recommended  the  areas  of  superconducting  magnets, 
cryogenics,  rf  cavities,  very  high-energy  electron  Hnacs,  theory  and 
simulation,  and  new  technologies  of  acceleration. 
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OUTLOOK 


A  July  meeting  of  the  Working  Group  has  been  scheduled  to  review  the 
proceedings  of  the  London  Summit  and  also  to  review  the  recommendations  of 
the  technical  subpaneU   A  proposal  will  be  introduced  for  the  Working  Group 
to  organize  other  technical  subpanels  of  similar  composition  and  work  with 
them  to  develop  a  plan  identifying  the  major  facilities  that  will  be 
required  to  continue  to  make  effective  progress  in  this  field,  regardless  of 
location.   This  plan  could  be  completed  for  the  next  Summit  meeting* 
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APPENDIX  F 

IMPROVING  INTERNATIONAL  COLLABORATION 
IN  HIGH  ENERGY  PHYSICS 


Report  of  the  Technical  Sub-panel  of  the 
Summit  Working  Group  on  High  Energy  Physics 


February  1984 
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L    INTRODUCTION  AND  SUMMARY 

The  Technical  Sub-Panel  of  the  Summit  Working  Group  on  International  Collabo- 
ration in  High  Energy  Physics  met  at  the  Stanford  Linear  Acclerator  Center  January 
30,  31  and  February  1.  Our  charge  was  to  make  recommendations  on  specific  areas  in 
high  energy  physics  that  might  be  appropriate  for  increased  international  collaboration 
and  to  indicate  how  non-summit  nations  might  become  more  involved  in  th»  type  of 
work.  The  members  of  the  technical  working  group  were: 

Prof.  Burton  Ricbter,  Chairman,  Stanford  Linear  Accelerator  Center  (U.S.A.) 

Dr.  Ewart  Blackmore,  TRIUMF  (Canada) 

Dr.  Giorgio  Brianti,  CERN  (EEC) 

Prof.  Kunitaka  Kondo,  University  of  Tsukuba  (Japan) 

Dr.  Joao  Meyer,  CEN-Saday  (France) 

Dr.  J.  H.  Mulvey,  Oxford  (England) 

Prof.  Sergio  Taxzari,  INFN  Frascati  (Italy) 

Dr  G.  A  Voss,  DESY  (Germany) 

We  first  discussed  the  several  kinds  of  R&D  activity  and  identified  three  modes 
which  seem  to  span  all  of  the  work  that  now  takes  place,  and  which  appear  sufficiently 
flexible  to  encompass  just  about  anything  one  would  want  to  do.  They  are  as  follows: 

P*ral|*l  Parallel  RAD  is  what  we  mostly  do  now.  In  this  mode  independent  efforts 
are  carried  out  in  many  places.  No  joint  funding  and  no  formal  coordination  of  work 
takes  place.  All  of  the  institutions  build  on  the  efforts  of  others  through  the  usual 
methods  of  information  exchange  —  meetings,  papers  and  technical  visits.  Examples  of 
this»mode  are  superconducting  accelerator  magnet  development  and  accelerator  theory. 

Collaborative  Collaborative  R&D  b  that  mode  in  which  two  or  more  groups  or 
institutions  decide  to  pool  their  resources  for  doing  R&D  activity  on  a  particular  topic. 
Funds  and  people  may  flow  across  national  boundaries  to  advance  a  common  effort. 

Coordinated  Coordinated  R&D  b  that  mode  in  which  several  participants  each 
concentrate  ol  different  approaches  to  the  same  general  goal.  We  do  not  know  of 
extmplcs  of  formal  agreements  to  proceed  in  this  manner,  but  it  is  often  done  informally. 
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Within  this  framework  we  discussed  possibilities  for  increased  interaatiowJ  efforts  in 
accelerator  R&D,  detector  R&D  and  experimental  exploitation  of  accelerators,  commu- 
nication, expanding  the  involvement  of  other  institutes  and  countries,  and  accelerator 
construction.  A  summary  of  our  conclusions  and  recommendations  follows. 

In  all  of  our  discussions  we  found  one  particular  topic  coming  up  again  and  again 
—  that  topic  is  cQm^nnjcftjftny  Improved  communications  can  increase  the  possibility 
of  international  collaboration  in  all  areas  of  high  energy  physics  and  indeed  in  all  areas 
of  science.  This  is  one  topic  that  is  particularly  well  addressed  to  the  Summit  for  it 
is  nati<  al  telecommunications  policies  which  create  barriers  to  better  communication. 
Our  recommendations  are  as  follows  (see  Section  IV  for  details). 

Rec.  I  Remove  the  telecommunications  barriers  to  direct  high-speed  institution- 
to-institution  communications. 

Rec.  2  Investigate  the  possibility  of  low-cost  high-bandwidth  satellite  channels 
for  scientific  communications. 

Rec.  3  Set  up  a  special  technical  working  group  to  develop  protocols  and 
standards  for  computer-to-computer  communications  in  high  energy  physics. 
Our  group  next  turned  to  a  discussion  of  possible  areas  for  improved  collaboration  in 
accelerator  R&D.  We  discussed  superconducting  magnets,  cryogenics,  very  high-energy 
electron  linacs,  new  techniques  of  acceleration,  and.  theory  and  simulations.  We  have 
nine  recommendations  in  this  area. 

Rec.  4  The  development  of  niobium-tin  conductors  for  high  magnetic  fields 
would  profit  from  coordinated  R&D  on  different  kinds  of  processes  for  ci  eating 
high-current-density,  small-diameter  filaments.  Collaborative  R&D  mitfbt  follow. 
Rec.  5  Collaborative  R&D  on  a  few  selected  technologies  for  improvements  to 
superconducting  magnets  at  all  magnetic  field  ranges  would  be  worthwhile  after 
a  further  period  of  parallel  and  coordinated  work. 

Rec.  6  At  the  present  stage  of  development,  exchanges  of  experts  are  extremely 
important,  and  such  exchanges  should  be  encouraged. 

Rec*  7  A  joint  working  group  on  the  economics  of  superfluid  helium  cryogenic 
systems  should  be  set  up,  because  one  of  the  barriers  to  going  to  higher  magnetic 
fields  with  our  standard  conductor  is  the  fear  of  greatly  increased  cryogenic  system 
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Rec.  t  Coordinated  and  collaborative  efforts  on  superconducting  rf  systems 
should  be  encouraged;  such  systems  may  prove  to  be  very  useful  in  large  proton 
accelerators  and  storage  rinp  as  well  as  in  the  electron  storage  rinp  for  which 
they  are  now  being  developed. 

Rec.  0  There  it  a  broad  range  of  technologies  which  are  important  for  the 
development  of  very-high-energy  electron  linear  accelerators  and  colliders  where 
increased  collaboration  and  coordinated  RAD  could  be  very  beneficial 

Rec.  10  In  the  area  of  new  acceleration  techniques,  parallel  and  coordinated 
efforts  are  most  appropriate  at  this  stage  of  development.  Collaborative  efforts 
would  become  appropriate  at  a  later  stage. 

Rec.  11  RftD  on  some -of  the  new  acceleration  techniques  would  benefit  if 
access,  by  interaction  teams,  to  special  facilities  such  as  large  lasers  and  induction 
linacs  were  easier. 

Rec.  12  Coordinated  efforts  in  accelerator  theory  and  computer  simulation 
would  be  extremely  beneficial,  and  collaboration  on  tests  of  theoretical  models  in 
existing  accelerators  will  be  required  to  validate  this  theoretics!  work. 

Internstional  collaboration  in  defector  R&D  and  experimentation  is  already  the 
normal  mode  of  operation  in  high  energy  physics.  The  international  collaborations 
work  very  well  but  would  benefit  greatly  from  the  improvements  in  communication 
recommended  earlier.  We  have  two  further  recommendations  in  this  area. 

Rec.  IS  Encourage  the  maintenance  of  homo-based  programs  in  order  to  pre* 
serve  the  bub  for  the  existing  collaborations  in  detector  R£D  and  usage. 

Rec.  14  In  certain  countries  there  are  customs  barriers  to  importing  equipment 
built  outside  of  that  country  which  is  essential  for  a  collaborative  experiment. 
These  customs  barriers  should  be  removed. 

Our  discussions  next  turned  to  the  problem  of  broadening  the  base  of  support  for 
high  energy  physics  and  involving  non-summit  and  less  developed  countries.  Accelera- 
tor physics  has  many  applications  outside  of  high  energy  physics,  such  as  synchrotron 
radiation  sources,  medical  accelerators,  etc.  Accelerator  physicists  are  in  short  supply, 
and  work  in  high  ezergy  physics  as  well  as  in  these  other  areas  is  already  impeded  by  a 
shortage  of  skilled  personnel  In  addition,  much  of  advanced  technology  is  in  routine  use 
in  high  energy  physics  accelerators  and  experiments.  Exposure  of  scientific  and  techno 
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cal  personnel  from  less  developed  countries  could  aid  in  transferring  thb  technology  to 
those  countries  whether  or  not  they  chose  to  be  involved  in  high  energy  physics.  We 
have  three  recommendations  in  this  area.  • 

Rec.  IS  Encourage  fellowships  at  the  major  center*  for  scientists,  engineers  and 
technicians  from  noo-summit  and  less  developed  conntries  to  aid  in  the  develop- 
ment of  high  energy  physics  programs  and  to  facilitate  the  transfer  of  technology 
used  in  high  energy  physics  to  others. 

Roc.  16  Encourage  universities  and  technical  institutes  to  develop  programs 
in  accelerator  physic*;  many  problems  in  this  field  involve  inter*dbciplinary  work 
that  is  well-suited  to  a  university  setting,  the  supply  of  accelerator  physicists  is 
small,  and  the  application  range  of  accelerator  technology  is  broad. 

Rec.  17  Encourage  regional  and  international  schools  in  accelerator  physics  to 
attract  more  high  energy  physicists  and  physicists  with  other  backgrounds  into 
the  accelerator  field. 

Finally  we  discussed  possible  collaborations  on  accelerator  construction.  Such  col* 
laborations  will  have  additional  financial  and  scientific  costs  because  of  increased  com- 
plexity and  infrastructure,  as  wen  as  benefits  in  reduced  national  contributions  to  a 
particular  project.  The  costs  are  significant,  and  thus  it  seems  appropriate  to  create 
international  collaborations  for  accelerator  construction  only  in  thos*  cases  where  one 
region  or  nation  cannot  bring  to  bear  the  necessary  resources  to  carry  out  an  entire 
project.  Thb  is  clearly  a  complex  issue  and  will  require  a  great  deal  of  discussion 
among  the  summit  countries  before  any  collaborative  projects  are  begun.  We  have  no 
specific  recommendations  in  this  area. 
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H.   ACCELERATOR  R&D 


A.   Superconducting  M»gneU 

After  two  decides  of  development  of  superconducting  magnets,  i  number  of  very 
important  achievements  have  bees  made  in  the  last  few  ye?rs.  The  most  significant 
of  these  is  the  TEVATRON  at  Fermflab  (1  TeV  hadroo  accelerator/collider).  Very 
successful  developmental  and  prototype  magnets  have  been  built  for  CBA,  for  "ERA  (0.8 
TeV  proton  ring  at  DESY)  and  for  UNK  (3  TeV  proton  ring  at  Serpukhov).  In  Japan, 
models  of  high  field  magnets  are  being  developed  for  the  proton  ring  of  TRISTAN.  All 
this  work  demonstrates  that  large  superconducting  magnet  systems  can  be  built  and 
operated. 

In  parallel  with  this  technological  development,  the  recent  experience  with  the 
CERN  SPS  Collider  has  shown  that  energetic  collisions  between  hadron  constituents 
can  be  quite  readily  identified  among  the  lower  energy  debris  of  the  spectator  particles, 
and  this  has  also  enhanced  the  interest  in  large  hadron  colliders  (center-of-mass  energy 
of  10  to  40  TeV)  both  in  the  USA  and  in  Europe. 

For  such  large  colliders  it  is  imperative  to  use  superconducting  magnets  in  order 
to  keep  their  cost,  their  power  consumption  and/or  their  size  within  reasonable  limits. 
Substantial  R&D  work  is  required  in  order  to  obtain  still  better  performance,  to  lower 
the  total  cost,  and  to  increase  the  reliability.  This  R&D  work  can  conveniently  be 
subdivided  into  two  categories: 

1.  Development  of  new  conductors  and  related  magnet  construction  techniques  suit- 
able for  fields  >  ST  (high  fields); 

2.  Improvement  of  conductors  and  techniques  for  fields  in  the  rang?  2T  to  6T  (low 
to  medium  fields). 

The  most  substantial  basic  development  is  required  for  the  first  category,  while  cost 
considerations  are  important  for  both  categories  in  crdtr  to  allow  the  final  choice  to  be 
made  on  sound  economic  grounds. 

High  field  conductors  and  magnets  (>  ST) 

Two  lines  of  development  are  open  here:  Nb$Sn  conductor  used  at  ~~  4.5*K,  and 
NbTi  used  at  2°K.  In  principle  the  most  promising  material  is  Nb^Sn  because  of 
its  higher  critical  field  and  higher  temperature  (more  relaxed  cryogenic  system).  Its 
drawback  is  brittleness  and  fragility,  which  requires  either  final  reaction  of  the  composite 
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to  obtain  the  superconducting  state  after  winding,  or  else  magnet  coils  wound  with 
relatively  large  radii  using  p re-reacted  material.  Nb$Sn  has  been  produced  Tor  many 
years,  but  the  specific  requirements  for  this  application  of  small-bore  magnets  operating 
over  a  wide  field  range  (maximum  field  about  twenty  times  the  injection  field)  are  the 
following: 

•  high  current  density, 

•  superconducting  filaments  of  small  diameter. 

Winding  and  insulation  techniques  compatible  with  a  heat  treatment  of  ~  ?00°C  for 
a  few  hours,  or  methods  of  avoiding  too  small  bending  radii  in  winding  of  p re-reacted 
material,  must  also  be  developed. 

The  alternative  lint  of  development  toward  high  fields  is  to  use  Nblt  conductors 
at  lower  temperature  (~  2*K).  The  advantage  b  that  the  material  can  be  wound  in 
the  reacted  state  by  means  of  well-established  techniques,  but  the  disadvantages  fall 
on  the  cryogenic  system  —  more  complicated  cryostats  and  larger  power  consumption. 
The  maximum  field  »  also  more  limited.  This  line  is  a  convenient  reserve  should  the 
development  of  NbySn  encounter  serious  difficulties  or  lead  to  excessive  costs. 

LOW*  AND  MEDIUM-HELD  MAGNETS  (2T  to  67) 

Projects  based  on  fields  in  the  upper  part  of  this  range  (4.57  to  tT)  are  a  natural 
continuation  of  present  work.  The  R&D  required  should  be  directed  toward  low  cost  and 
the  development  of  industrial  manufacturing  techniques.  The  conductor  development 
would  be  essentially  the  same  as  that  required  for  the  high-field  case  with  NbTi  at  2*K. 

Stitf  lower  fields,  between  tT  and  37\  are  also  being  considered.  In  this  case  the 
field  distribution  b  shaped  by  iroa  boundaries,  and  the  role  of  superconductor  is  to  min- 
imize the  power  consumption.  These  magnets  ere  called  superferric.  The  development 
needed  here  is  directed  toward  simple,  inexpensive  design  and  cost-effective  manufactur- 
ing techniques  in  orier  to  counterbalance  the  increase  in  cost  attributable  to  the  longer 
tunnel  and  more  spread-out  infrastructure  that  would  be  required. 

International  collaboration 

International  collaboration  in  these  development  programs  would  be  very  benefi- 
cial Such  work  should  be  aimed  at  enhancing  technology  transfer  to  the  industries 
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of  the  collaborating  regions.  Specific  elements  in  of  such  a  collaboration  might  be  the 
following: 

•  Common  definition  of  possible  new  superconductor*  in  order  to  miniraixe  indus- 
trial investment  for  development  and  to  enlarge  potential  markets. 

•  Joint  selection  of  a  small  number  of  potentially  interesting  techniques  and  con- 
ceptual magnet  designs  to  be  tested  by  means  of  models. 

•  Eventually,  coordinated  fabrication  and  evaluation  of  full  scale  prototypes. 

To  assess  the  possibility  of  achieving  these  goals,  the  exchange  of  people  between 
interested  laboratorifs  should  be  encouraged  and  supported  as  a  first  step. 

Other  Applications 

It  should  be  emphasized  that  all  of  these  developments  could  be  beneficial  to  a 
number  of  applications  in  other  fields,  such  as  fusion,  electrical  power  transmission, 
cryogenerators,  energy  storage  and  recovery,  magnetic  separation  of  minerals,  nuclear 
magnetic  resonance  for  medical  and  other  applications,  transportation,  etc. 

B.  Distributed  Cryogenic  Syatemt 

The  large  superconducting  magnet  systems  described  above  require  very  substantial 
cryogenic  systems  for  the  production,  transfer  and  recovery  of  He.  Simple  Cryostats, 
a  rehab!e  and  efficient  hquifier  plant,  and  low- loss  transfer  lines  are  very  m.pirtant 
elements  of  a  satisfactory  design,  which  must  be  tailored  to  each  specific  project.  One 
point  that  deserves  a  careful  assessment  by  experts  is  the  possibility  of  using  superfluid 
He  at  ~  2*K  for  such  applications.  An  evaluation  of  the  additional  costs  with  respect 
to  normal  4.5°K  systems,  because  of  their  increased  cryostat  complexity  and  power 
consumption,  is  necessary  to  determine  their  interest.  Such  an  evaluation  should  be 
conducted  on  an  international  basis. 

C.  Superconducting  Ridiofrequeney  Cavities 

During  the  last  few  years  superconducting  radiofrequency  (rf)  accelerating  structures 
have  matured  to  the  point  where  their  use  in  large  circular  accelerators  seems  feasible 
and  realistic  Multicell  niobium  structures  have  reached  average  accelerating  gradients 
of  more  than  4  MV/m  at  negligible  rf- power  loss.  Even  considering  the  fact  that  these 
small  remaining  losses  occur  at  the  temperature  of  liquid  helium  and  require  powerful 
refrigerators,  the  overall  power  economy  of  superconducting  resonators  is  one  to  two 
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orders  of  magnitude  better  than  that  of  conventional  copper  structures.  The  fact  that 
the  accelerating  gradients  are  more  than  a  factor  of  four  higher  than  those  in  copper 
structures  (in  cw  operation)  makes  these  superconducting  resonators  very  well  suited 
to  applications  in  which  large  rf  accelerating  voltages  are  required  in  a  continuous 
operation,  Le,,  in  elect;  on  and  proton  storage  rings. 

These  new  structure*  have  been  studied  at  a  number  of  different  laboratories  in 
the  U.S.,  Germany,  France,  Japan,  Italy,  and  at  the  CERN  laboratory.  Successful  and 
reliable  operation  at  high  accelerating  gradients  has  been  demonstrated  at  the  electron- 
positron  storage  rings  CESR  (Cornell  University)  and  (DESY,  Hamburg).  To 
make  this  new  technology  more  economical  and  attracts  .or  routine  operational  use, 
vigorous  development  programs  are  now  under  way  at  several  laboratories.  These  efforts 
include  :he  development  of  copper  structures  with  a  superconductive  niobium  coating, 
simplifications  in  the  cryogenic  technology,  special  cavity  shapes  to  suppress  excitation 
of  higher  resonances,  and  simple  techniques  for  industrial  production. 

In  view  of  the  importance  of  this  new  technology  and  the  magnitude  of  the  effort 
necessary  to  develop  efficient  production  techniques,  this  field  is  very  suitable  for  an 
international  coordinated  and  collaborative  effort. 

D.   Very  HJgh  Energy  Electron  Machines 

Electron- positron  colliding-beam  experiments  have  been  extremely  productive  in 
studies  of  the  structure  of  matter  and  of  the  fcrces  that  act  between  the  hwic  con- 
stituents. The  present  technique,  the  colliding-btam  storage  ring,  has  been  in  use  for 
about  25  years;  during  that  time,  the  radii  of  these  machines  have  increased  SOOO-fold 
while  the  collision  energies  have  increased  100-fold.  With  a  mature  technique  like  the 
colliding-heam  storage  ring,  the  known  scaling  laws  can  he  used  to  predict  the  cost  of 
a  new  facility  to  an  accuracy  of  10%  to  20%  without  going  through  a  detailed  design. 
This  has  been  done  for  the  LEP  facility  now  under  construction  at  CERN. 

Applying  these  known  scaling  laws  io  determine  the  size  and  cost  of  the  next  logical 
step,  a  machine  capable  of  producing  particles  with  masses  in  the  TeV  range  results 
in  a  cost  estimate  of  the  order  of  $100  hillion  and  a  circumference  of  many  thousands 
of  kilometers.  Even  if  there  were  no  technical  barriers  to  the  construction  of  such  a 
machine,  there  is  certainly  a  fiscal  harrier. 

For  the  past  several  years  work  has  been  going  on  in  both  the  U.S.  and  USSR  on 
an  alternative  to  the  Storage  Ring  —  the  Linear  Collider.  R&D  work  has  indicated 
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the  feasibility  of  this  new  idea,  tod  the  first  machine  using  this  technique,  the  Stanford 
Linear  Collider  (SLC),  is  now  under  construction  in  the  U.S.  This  'proof  of  principle" 
machine  is  based  on  improvements  to  the  existing  Stanford  30  GeV  linear  acceleiator 
to  allow  the  collider  to  reach  100  GeV  in  the  center-of-mtss,  and  it  is  scheduled  for 
completion  near  the  end  of  1085.  Successful  operation  of  the  SLC  will  give  confidence 
that  the  technique  can  be  extended  to  much  higher  energies. 

Parametric  studies  of  large  linear  colliders  indicate  that  significant  reJuction  in  the 
cost  of  a  big  machine  can  be  made  by  improvements  in  accelerator  structures,  power 
sources  and  energy  efficiency.  Potential  topics  for  an  R&D  program  include  basic  work 
on  the  ultimate  breakdown  strength  of  copper  (which  determines  the  maximum  accel- 
erating field  and  hence  the  minimum  length  of  accelerator  needed  for  a  given  energy): 
very  high  power,  high  efficiency  rf  sources  (which  affects  the  number  of  power  sources 
required,  the  practical  maximum  accelerating  gradient,  and  the  energy  efficiency  of  the 
system);  optimized  accelerating  structures;  alternatives  to  conventional  linacs  for  ac- 
celeration (see  Section  D.E);  energy-recovery  techniques;  and  theoretical  work  on  i*»e 
beam-beam  interaction,  on  beam-acceleration  structure  interaction,  and  on  focusing 
techniques  for  producing  sub- micron  focai  spots  at  the  collision  point. 

A!  present,  interest  among  the  summit  countries  is  highest  in  France,  Germany, 
Japan,  and  the  United  States.  Bilateral  or  multilateral  programs  —  formal  or  in  for- 
mal  —  should  be  encouraged  in  order  to  increase  the  pace  of  the  work  and  to  tvoid 
unnecessary  duplication  of  effort. 

E.    New  Techniques  or  Particle  Acceleration 

Particle  acceleration  techniques  have  been  developed  over  50  years  with  striking 
efficiency:  the  maximum  energy  of  accelerators  has  increased  by  a  factor  of  ~  35  every 
ten  years,  and  the  cost  per  unit  energy  has  decreased  by  a  factor  of  ~  30  over  the  last 
25  years.  The  size  and  cost  of  the  required  facilities  has  nonetheless  continued  to  grow. 
While  the  next  generation  of  machines  is  already  being  studied  by  extrapolating  the 
known  techniques  to  even  higher  energies,  it  has  become  clear  tuat  on  a  longer  time 
scale  new  ideas  will  be  needed  on  how  to  obtain  even  higher  energies  without  excessively 
increasing  the  size  of  the  facilities.  The  history  of  accelerator  work  indicates  that  major 
developments  of  the  kind  considered  here  might  well  need  10-20  years  to  evolve  from 
the  stage  of  conception  to  the  point  where  they  are  actually  used  in  a  new  machine. 


257 


253 


87 

A  number  of  novel  ideas  have  been  recently  developed  that  are  aimed  at  producing 
accelerating  and/or  focusing  6elds  about  one  order  of  magnitude  higher  than  those  at 
present  achievable.  Some  of  these  new  ideas  are  listed  in  Table  I. 


Table  I 

Some  proposed  novel  acceleration  techniques  and  related  topics. 


Aim             Work  in  Progress  at 

Wake  field 

1 

>0.1GeV/m  |DESY        }  experimental 

I         iJapan    1  1 

[Virginia      >  theoretical 
Stanford  ' 

1                                           1                 1 BNL  ) 
[  Inverse  free  electron  laser                [  ^0.2  GeV/m  |                 J  theoretical 

NRL  * 

I  Laser  beat  wave 

i 

~~  10  GeV/m 

NRL 

Chalk  River 
Los  Alamos 
UCLA 

Stanford  \ 

CERN        }  theoretic*!  | 
Rutherford  > 

1  Two-beam                                  >0.1  GeV/m    LBL           }  experimental 

Near-6eld  (grating  LINAC,...)          |  ~  U>  GeV/m  | BNL          }  theoretical 

Cornell  > 

j  Free  electron  laser 

i 

tuuable 
high  power 
sources 

ORSAY 

Stanford 

Frascati 

BNL 

Japan 

UK  (Glasgow 

•  experimental  j 
/Daresburv) 

Very  high  power  tubes  (Gyrotron,...) 

-  1GW 

Maryland  | 
Stanford 
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There  ire  several  features  common  to  all  these  schemes 

1.  They  are  all  in  the  very  early  stages  of  development.  Some  are  at  the  level 
of  theory,  while  others  are  at  the  level  where  proof-of-principle  experiments  have 
just  been  started.  Some  are  well  suited  to  study  by  university  or  small  laboratory- 
based  teams. 

2.  The  work  generally  needs  a  higher  level  of  interdisciplinary  collaboration  than 
more  conventional  accelerator  physics  work.  This  b  again  more  likely  to  be  found 
at  the  university  level 

3.  These  schemes  link  the  development  of  high-energy  accelerators  to  techniques 
that  are  being  developed  in  many  different  institutions  for  other  purposes,  such 
as  very  intense  low-energy  electron  beams,  free  electron  lasers,  etc. 

In  order  to  be  reasonably  certain  that  one  or  mo'e  of  these  new  schemes  will  eventu- 
ally prove  to  be  of  practical  significance,  as  many  as  possible  will  have  to  be  developed 
to  a  stage  where  a  realistic  assessment  can  be  made.  The  advantage  of  widespread 
international  collaboration  —  in  order  to  cover  the  maximum  number  of  approaches 
within  the  available  resources  —  is  quite  evident  here. 

The  following  recommendations  are  made: 

1.  Accelerator  R&D  work  should  be  encouraged  at  both  the  national  and  regional 
level,  and  in  both  small  and  large  institutions,  because  it  is  ultimately  from  s 
widespread  base  of  such  work  in  universities  and  in  laboratories  chat  new  ideas 
will  emerge 

2.  Unique  facilities  not  usually  available  in  small  centers  —  such  as  very  high  cur- 
rent induction  linacs  (mostly  in  ihe  U.S.),  high  power  luer  systems  (both  in  the 
U.S.  and  in  Europe),  and  bearu  time  at  existing  accelerators  —  should  be  made 
available  to  the  research  teams  engaged  in  this  type  of  research. 

3  Exchanges  of  people,  both  in  accelerator  physics  and  in  related  areas  such  as 
plasma  physics,  between  groups  engaged  in  research  should  be  made  easy,  in 
order  to  facilitate  the  effort. 

4.  In  the  present  stage,  where  more  ideas  a/e  sought  and  where  useful  effort  can 
be  made  on  a  small  scale,  maximum  diversity  of  effort  along  with  maximum  ex- 
change of  information  (and  tools)  should  be  encouraged,  as  recommended  above. 
A  further  step- up  in  international  cooperation,  leading  to  collaborative  and/or 
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coordinated  work,  will  be  required  as  soon  as  larger  scale  pilot  facilities  start  to 
be  planned. 

F.   Accelerator  Theory  and  Computer  Simulation 

Optimizing  the  design  of  a  new  bigb  energy  accelerator  requires  a  tborougb  under- 
standing  of  machine  physics  phenomena  and  of  the  limitations  these  phenomena  might 
impose  on  the  performance.  In  the  past,  unexpected  phenomena  have  sometimes  limited 
the  performance  of  a  new  machine,  leading  to  the  need  for  corrective  measures  that  were 
sometimes  rather  cost'  As  machines  get  larger  and  costlier,  it  is  even  more  importax' 
to  try  to  avoid  surpr_     A  this  kind. 

Our  analytical  understanding  of  the  phenomena  that  govern  single-particle  dynam- 
ic* in  large  accelerators,  and  also  of  high-current  effects  and  the  behaviour  of  particle 
bunches  with  bigb  charge  densities,  has  vastly  improved  during  the  last  25  years.  How- 
ex  er,  many  of  the  effects  that  can  lead  to  single-particle  resonances,  to  collective  beam 
instabilities,  or  to  beam-beam-interaction  limitations  (in  storage  rings),  are  too  complex 
to  be  treated  in  an  anal>tical  way. 

Modern  computers  make  it  possible  to  calculate  accurately  the  fields  generated  by 
the  high-density  particle  bunches  in  an  accelerator  structure,  as  well  as  the  effects  of 
these  fields  acting  back  on  the  individual  particles.  By  tracking  the  particles  over 
man>  turns,  and  by  simultaneously  calculating  the  fields  they  produce  and  their  effects 
on  the  particle  trajectories,  one  can  simulate  the  beam  behavior.  Such  a  computer 
simulation  can  t^en  be  compared  with  the  effects  observed  in  actual  machines.  In  this 
way  the  validity  of  a  particular  computer  simulation  approach  can  be  established,  and 
predictions  about  future  machines  can  be  made  with  conCdence.  Work  in  this  field  has 
been  going  on  in  most  of  the  major  accelerator  laboratories  around  the  world.  Methods 
and  results  have  been  discussed  and  compared  at  inte  aational  meetings  and  at  special 
summer  schools. 

Simulations  that  simultaneously  take  all  relevant  effects  into  account  and  that  also 
fellow  the  particles  for  many  turL*  (as  may  be  necessary  for  proton  storage  rings)  can 
be  very  expensive  in  terms  of  computer  time.  Because  of  this,  and  also  because  some 
large  computers  are  considerably  more  suitable  for  this  work  than  others,  it  is  very 
desirable  to  coordinate  these  activities  and  to  have  as  much  collaboration  as  possible. 
Experiments  on  existing  accelerators,  with  the  aim  of  testing  the  computer  predictions, 
should  also  be  part  of  such  international  collaborative  effort.  Another  important  part 
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of  such  a  program  would  be  tests  of  new  techniques  in  the  accelerator  field  that  can  be 
performed  on  existing  machines  (e.g.,  stochastic  cooling  of  bunched  beams) 

The  recommendation  of  the  Sub-panel  it  to  encourage  the  development  of  a  co- 
ordinated program  through  a  series  of  specialized  international  workshops.  The  most 
important  aspects  of  such  a  program  would  be  the  following: 

X.  Access  to  the  most  suitable  computer  systems  for  large-scale  tracking  and  simu- 
lation programs. 

2.  Machine  time  at  existing  accelerators  to  test  and  verify  the  predictions  made  by 
analytical  theories  and  by  computer  simulation  programs. 

3.  Machine  time  at  existing  accelerators  to  test  new  techniques  that  will  be  needed 
to  upgrade  existing  machines  and  to  incorporate  in  future  machines. 
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m.   DETECTORS  FOR  HIGH  ENERGY  PHYSICS 


A*  Introduction 

Particle-physics  research  during  the  1Q80  s  and  lflQtfs  is  expected  to  be  led  by  exper- 
iments at  the  highest  energy  e+e~,  pp,  pp  »nd  cp  colliders.  Because  of  their  immense 
sire  and  cost,  there  are  only  a  few  such  accelerator  facilities  throughout  the  world. 
However,  the  use  of  these  facilities  is  an  international  endeavor.  In  fact,  almost  ev- 
ery major  experiment  at  colliders  today  has  an  international  or  inter-regional  flavor. 
The  large  general-purpose  detectors  used  at  these  facilities  have  reached  a  level  of  size, 
complexity  and  sophistication  that  rivals  those  of  the  large  accelerators  at  which  they 
are  used.  The  development  of  these  detectors  offers  perhaps  the  best  example  of  how 
well  international  and  inter- regional  collaborations  work  at  the  present  time,  and  also 
demonstrates  the  important  benefits  that  the  participating  countries  derive  from  these 
collaborations. 

Existing  collaborations  have  shown  that  it  b  quite  possible  for  small  university 
groups  as  well  as  the  larger  national  laboratories  to  make  a  significant  contribution  to 
these  international  detectors.  The  collaborations  are  usually  informal  and  are  driven 
by  the  participants1  common  interest  in  pursuing  a  particular  physics  goal. 

There  is  a-  clear  benefit  for  nations  that  do  not  have  their  own  large  accelerator 
facility  to  use  this  method  to  provide  their  scientists  with  an  opportunity  to  take  part 
in  forefront  physics,  and  also  to  derive  benefits  in  terms  of  technological  spin-offs  from 
the  exchange  of  ideas.  This  can  be  done  with  a  relatively  small  investment  compared 
with  the  cost  of  the  total  facility.  There  are  also  clear  benefits  for  those  nations  that 
do  have  high  energy  accelerator  facilities  to  participate  in  international  collaborations 
at  an  appropriate  level. 

This  section  on  detectors  will  briefly  describe  three  typical  collaborations:  one  that 
has  recently  made  significant  discoveries,  one  that  is  presently  in  the  construction  phase 
and  one  that  is  presently  in  the  design  phase.  This  will  be  followed  by  a  description 
of  some  of  the  detection  techniques  and  the  areas  of  detector  development  that  appear 
most  promising.  Not  all  of  the  significant  particle  physics  experiments  are  carried 
out  at  the  highest  energy  accelerators.  There  are  non-accelerator  experiments  such  as 
proton  decay  searches,  and  also  experiments  that  are  carried  out  with  kaon,  meson 
and  neutrino  beams  produced  by  high  current  accelerators  operating  at  lower  energies. 
Some  of  this  work  will  also  be  described.  Finally,  there  are  several  recommendations 
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the  Sub-panel  wishes  to  make  that  could  improve  the  already  excellent  collaborative 
efforts  in  developing  experimental  equipment  for  high  energy  physics. 
B.    Examples  of  Present  Collaborations 


The  discovery  of  the  W  and  Z  bosons  at  CERN  in  1083  ranks  as  one  of  the  greatest 
achievements  in  science,  in  accelerator  technology  Md  in  detector  design.  The  VA  1 
collaboration  and  its  s;  !er  experiment  VA  2  set  out  to  study  proton-antiproton  collisions 
at  540  GeV  with  Urge  general  purpose  detector  systems.  To  illustrate  the  sue  o,  the 
collaboration,  the  VA  1  team  involves  some  130  physicists  from  14  research  centers  in 
7  different  countries.  The  VA  1  detector  represents  the  accumulation  of  many  years 
of  knowledge  in  the  design,  construction  and  operation  of  particle  physics  experiments. 
Details  of  this  2000-ton  detector  are  readUy  available  in  the  literature.  It  does  not  make 
use  of  any  new  detection  techniques  but  instead  relies  on  careful  exploitation  of  existing 
methods,  on  precise  measurement  of  particle  energies,  and  on  skillfu!  triggering  and 
subsequent  data  analysis.  Responsibility  for  the  various  components  of  the  detector 
was  delegated  to  the  different  research  centers  in  the  collaboration,  and  in  most  cases 
the  individual  components  were  constructed  at  the  home  institutions.  The  success  of 
this  effort  demonstrates  the  effectiveness  of  this  particular  international  collaboration 
and  more  generally  the  fact  that  the  logistics  and  sociology  of  the  organization  of  large 
groups  working  across  national  boundaries  are  tractable  problems. 


The  Collider  Detector  Facility  (CDF)  is  &  large  detector  now  being  built  for  use 
with  the  Tevatron  I  proton-antiproton  collider  at  FermUab.  The  collaboration  consists 
of  groups  from  15  institutions  in  the  United  States,  Japan  and  Itily.  Responsibility 
for  the  design  *nd  construction  is  subdivided  among  the  university  and  institutional 
groups  working  under  the  coordination  of  Ferraiiab.  The  large  superconducting  magnet 
for  this  detector  is  being  constructed  by  Japanese  industry.  The  Japanese  participation 
in  this  collaboration  is  funded  by  the  U.S.-Japan  Cooperative  Program  on  Higi.  Energy 
Physics. 


OPAL  is  one  of  the  four  large  international  collaborations  that  were  chosen  in  1082 
to  construct  detectors  for  LEP,  the  large  electron-positron  storage  nng  presently  being 
built  at  CERN.  The  institutions  involved  are  from  the  UK.,  Ge/raany,  Italy,  Canada, 
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France,  Israel,  Japan,  the  U.S.  and  Switzerland.  In  the  case  of  Canada,  for  example, 
which  has  a  relatively  low  funding  level  for  high  energy  physics,  OPAL  represents  a 
commitment  of  a  significant  portion  of  the  high-energy  physics  funds  within  the  country 
on  a  single  important  project.  Japan,  which  is  constructing  TRISTAN,  a  similar  e+e" 
collider  at  lower  center-of-moss  energy,  is  also  making  a  significant  contribution  to  the 
OPAL  experiment.  The  mode  of  collaboration  is  such  that  each  group  contributes 
to  the  cost  of  the  magnet,  and  each  group  then  has  responsibility  for  designing  and 
constructing  one  of  the  components  or  subsystems  of  the  detector. 

C.    Detector  Research  and  Development 

Detectors  for  high  energy  physics  can  he  divided  into  two  broad  classifications  — 
tracking  detectors  which  measure  the  trajectories  of  charged  particles  usually  in  a 
magnetic  field,  and  calorimeters  which  measure  the  energy  distribution  of  the  particles. 
Detector  techniques  have  evolved  primarily  from  a  number  of  independent  efforts  in 
various  laboratories,  each  effort  reinforced  by  exchange  of  ideas  and  information  with 
the  other  laboratories.  Small  university  institutions  can  make  significant  contributions 
to  detector  techniques,  although  usually  the  actual  exploitation  of  these  techniques  in 
large  detectors  requires  the  resources  that  are  available  in  the  larger  laboratories. 

As  examples  of  recent  developments  m  detector  technology,  the  Time  Projection 
Chamber  (TPC)  and  the  Ring  Imaging  Cherenkov  (RICH)  counter  will  be  described.  The 
time  projection  chamber  is  the  name  given  to  a  class  of  large  volume  drift  chambers.  The 
pioneering  work  was  done  at  Berkeley  for  a  detector  to  be  used  with  the  PEP  machine 
at  SLAC.  The  idea  was  exploited  by  a  group  at  TRIUMF,  where  a  TPC  was  used  in  a 
rare  decay  experiment.  Two  exotic  variations  of  this  detector  have  been  developed,  one 
using  high  pressure  hydrogen  gas  at  Fermilab,  and  a  second  using  liquid  argon  at  the 
University  of  California,  Irvine.  The  ALEPH  and  DELPHI  detectors  at  LEP,  the  CDF 
detector  already  described,  and  the  TOPA2  detector  at  TRISTAN  plan  to  incorporate 
TPC's.  There  has  been  no  formal  coordination  of  this  development  effort;  it  is  rather 
an  example  of  a  parallel  R&D  program. 

The  ring  imaging  Cherenkov  detector  has  recently  emerged  as  a  serious  technique  in 
the  measurement  of  particle  velocities  and  hence  as  a  method  for  particle  identification. 
The  original  idea  for  this  detector  came  from  a  university  in  France.  The  properties  of 
a  large  aperture  RICH  detector  were  measured  at  Fermilab,  the  result  of  a  collaboration 
between  CERN,  Saclay,  Japan  and  Fermilab.  This  effort  is  an  example  of  a  coordinated 
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approach  to  detector  development. 

Calorimetry  is  one  of  the  basic  components  of  present  and  future  detectors  for  col- 
lider experiments.  The  search  for  new  materials  of  improved  performance  is  an  impor- 
tant step  in  :he  development  of  these  detectors.  Large  scale  calorimeters  could  exploit 
substantial  amounts  of  materials  such  as  uranium.  International  cooperation  trny  be 
necessary  for  this  to  happen.  A  critical  feature  of  calorimeters  for  the  next  feneration 
of  colliders  is  fine  segmentation  both  in  the  longitudinal  and  lateral  directions.  For  the 
collection  of  data  from  highly  segmented  calorimeters,  the  use  of  FASTBUS  or  a  similar 
readout  system  is  required.  Special  electronics  is  also  required  in  the  trigger  systems 
for  large  detectors.  To  select  interesting  events  from  a  huge  uninteresting  background, 
triggering  decisions  will  have  to  be  made  on-line  with  features  such  as  rapid  track 
reconstruction  and  pattern-recognition  units  that  are  provided  with  special  front-end 
processors.  The  development  of  these  devices  will  be  more  effective  if  the  combination 
of  parallel  and  collaborative  efforts  that  is  presently  taking  place  is  strengthened. 

D.  Data  Acquisition  and  Exploitation  of  Large  High  Speed  Computer* 
T>*  benefits  of  cooperation  in  data  analysis  and  software  development,  and  the 

advantages  of  improvements  in  computer  networking,  are  described  iQ  Section  IV  and 
will  not  be  repeated  here. 

E.  New  Ideas  in  Detector  R&D 

Detectors  for  the  new  colliders  face  many  new  challenges.  For  example,  experiments 
at  the  Stanford  Linear  Collider  (SLC)  with  its  micron-size  beams  would  benefit  from 
improved  spatial  resolution  if  the  existing  $0-100  micron  resolution  of  drift  chambers 
could  be  improved  to  a  level  of  about  S  microns.  Micro-vertex  detectors  that  can  identify 
the  secondary  vertex  when  bottom  or  charm  quarks  are  produced  are  presently  being 
developed.  An  area  that  is  ripe  for  collaborative  work  is  the  use  of  charge  manipulation 
structures  of  silicon  or  gallium-arsenide  for  particle  detection.  Silicon  strip  detectors  are 
presently  being  used  successfully  in  particle  physics  experiments  and  have  demonstrated 
5  micron  spatial  resolution.  Two-dimensional  Charge-Coupled  Devices  (CCD)  are  being 
developed  for  television  cameras  and  other  optical  imaging  applications  by  industry; 
there  is  a  deal  benefit  here  in  a  collaborative  approach  both  between  laboratories  and 
between  laboratories  and  the  micro-electronic  industry. 
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F.  Non-Accelerator  Based  Dttcctore 

Stimulated  by  theoretical  predictions  based  on  grand  unified  theories  and  gauge 
theories,  there  are  several  active  projects  underway  to  search  for  proton  decay  and 
magnetic  monopoles,  and  to  study  cosmic-ray  neutrinos.  Examples  are  experiments  at 
Utah  in  the  United  States,  at  Mont  Blanc,  Gran  Sasso  and  Frejus  in  Europe,  at  Kolar  in 
India,  and  at  Kamioka  in  Japan.  Some  of  these  are  already  international  collaborations. 
It  is  likely  that  the  size  and  complexity  of  the  next  generation  of  such  detectors  will 
require  international  collaboration. 

G.  Recommendations 

From  the  previous  description  of  the  state  of  present-day  high-energy  physics  de- 
tectors, it  is  evident  that  very  successful  international  collaborations  have  taken  place 
and  will  continue  to  take  place.  Nevertheless  there  are  several  recommendations  which, 
if  implemented,  would  benefit  this  ongoing  effort: 

1.  Detector  systems  for  the  next  generation  of  machines  will  be  larger  and  more  com- 
plex, and  will  probably  involve  more  institutions  than  at  present.  It  is  therefore 
necessary  that  improved  communication  networks  be  provided  between  laborato- 
ries to  permit  efficient  coordination  of  the  development  and  construction  of  the 
detectors,  and  subsequent  analysis  of  the  data. 

2.  A  problem  experienced  by  many  groups  is  the  difficulty  of  satisfying  the  customs 
regulations  of  the  host  cotntry  when  large  components  of  detectors  are  brought 
into  the  country.  The  reason  is  that  this  equipment  has  to  stay  for  the  duration 
of  the  expt  tnent  which  may  exceed  five  years.  Further  difficulties  arise  when 
subassemblies  have  to  pass  through  several  countries  in  the  process  of  being  fab- 
ricated into  a  complete  detector.  Some  flexibility  in  the  application  of  customs 
regulations  for  high  energy  physics  apparatus  would  be  an  appropriate  step  to- 
ward improving  international  collaboration. 

3.  The  importance  of  international  collaboration  in  HEP  experiments  should  be 
recognized  by  all  countries,  in  particular  those  that  do  not  have  the  highest  energy 
facilities.  To  derive  the  maximum  benefit  from  these  collaborations  in  terms  of 
technological  transfer,  training  of  graduate  students  and  cultural  benefit,  there 
must  be  a  strong  home-base  program.  Detector  R&D  has  been  shown  to  be  an 
activity  well  suited  to  individual  home-base  institutions.  Adequate  funding  levels 
for  both  the  homt,  >ase  program  and  for  international  collaboration  are  necessary. 
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IV.  COMMUNICATION  AND  STANDARDIZATION 
Any  discussion  of  how  to  improve  international  collaboration  in  high-energy  physics 
quickly  leads  to  the  recognition  that  access  to  the  most  advanced  communications  tech- 
nology b  of  central  importance.  It  has  a  double  impact:  the  direct  benefits  that  accrue 
from  efficient  and  rapid  exchange  of  information;  and,  as  a  consequence,  a  greater  readi- 
ness of  the  community  to  adopt  'standard'  solutions  to  a  wide  range  of  problems,  which 
in  turn  makes  for  greater  ease  and  efficiency  in  collaboration. 
A.  Communication 

In  the  design  and  construction  of  detectors,  and  in  the  performance  of  experiments, 
high-energy  physicists  already  face  the  formidable  management  problems  of  research 
carried  out  in  a  truly  international  mode  in  a  "world  laboratory"  —  albeit  one  with 
accelerator  facilities  at  several  sites.  At  all  stages,  from  preparation  of  the  proposal 
through  to  analysis  of  the  data,  the  one  factor  that  can  make  a  signi6cant  and  much 
needed  improvement  in  the  effectiveness  and  efficiency  of  collaboration  is  an  improve- 
ment in  communication.  Collaborators  who  share  responsibility  for  the  various  compo- 
nents of  a  detector  assembly  could  keep  in  close  touch  with  the  details  of  progress,  and 
design  and  construction  problems  could  be  resolved  as  they  arise.  During  data-taking 
at  the  accelerator  laboratory,  physicists  and  engineers  at  the  home  institutions  could 
be  consulted  about  problems  or  about  modifications  of  the  apparatus.  ID  the  analysis 
phase,  all  participants  could  access  the  data  of  the  experiment  from  their  own  desks 
and  take  part  in  discussion  of  the  results.  Time  spent  in  travel  could  be  reduced,  and 
university  physicists  would  substantially  increase  the  effectiveness  of  their  contribution 
while  fully  maintaining  their  teaching  commitments. 

Although  close  collaboration  of  the  kind  found  in  the  area  of  detector  development 
and  use  is  not  yet  typical  of  accelerator  development  and  construction,  similar  facilities 
for  communication  are  essential  if  this  pattern  is  to  change  in  the  direction  of  increased 
collaboration.  The  modes  of  communication  required  include. 

1.  Transmission  of  text  (electronic  mail)  including  long  documents. 

2.  TVansmission  of  program  files,  essential  for  software  standardization,  with  updat- 
kg. 

3.  Remote  access  to  special  computer  facilities 

4.  Transmission  of  technical  data  in  graphical  form. 
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5.  Transmission  of  data  from  experiments.  This  can  be  especially  important  in  fault 
diagnosis  during  the  data-taking  phase  of  an  experiment. 

6.  Tele-conferencing.  The  efficient  management  of  large  collaborative  enterprises 
demands  frequent  exchange  of  information  and  views,  leading  to  decisions  on 
policy  and  design. 

To  achieve  these  goals,  progress  is  necessary  in  the  following  areas: 

1.  Wide-Area  Network  Protocols 

In  the  absent*  of  internationally  agreed  standard  procedures  (protocols)  for  the 
different  modes  of  transmission  (text,  program  files,  graphics,  etc.),  the  high  energy 
physics  community  is  obliged  to  implement  interim  ad  hoe  solutions.  This  should  be 
done  with  closer  collaboration  and  coordination  between  the  communities  in  different 
nations  and  regions,  to  allow  greater  'transparency'  to  the  passage  of  information  across 
the  boundaries  between  different  systems.  For  example,  in  Europe  there  is  the  GIFT 
project  to  implement  a  file-transfer  gateway  linking  four  independent  networks  with 
different  file  transfer  protocols:  UNInet  in  Scandinavia,  INSNnet  in  Italy,  JANnet  in 
the  United  Kingdom,  and  CERNnet. 

At  the  same  time  every  effort  shouM  be  made  to  follow  paths  close  to  those  which 
may  eventually  become  internationally  accredited  (ISO)  standards.  Indeed  the  high  en-, 
ergy  physics  community  can,  from  its  experience,  make  valuable  contributions  to  the 
international  study  of  these  matters  and  perhaps  even  influence  the  outcome.  This 
community  in  Europe  is,  through  ECFA  and  CERN,  contributing  to  the  effort  to  estab- 
lish international  standards  by  collaboration  with  EEC  study-groups  and  contacts  with 
ESONE  (European  Standards  Organization  for  Nuclear  Electronics)  and  other  bodies. 
Closer  contacts  would  be  desirable  between  the  high  energy  physics  communities  in  all 
the  summit  countries  on  these  matters,  leading  to  coordinated  input  to  the  international 
bodies  charged  with  establishing  standard  protocols. 

Governments  should  encourage  speedy  completion  of  thL  v/ork,  and  especially  agree- 
ments which  would  lead  to  early  implementation  of  fully  international  networking  (e.g., 
OSI  -  Open  System  Interconnection  model  of  the  ISO  -  International  Standards  Orga- 
nization). 
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2.  TRANSMISSION  RATES 

The  maximum  rate  of  transmission  widely  available,  (though  on  special  telephone 
lines)  is  Q.6  k-battd  (1  baud  -  1  bit  per  second).  This  is  adequate  for  modes  1  to  3 
described  above\  but  only  marginally  so  for  transmission  of  graphics,  which  requires  the 
M  k-baud  digital  transmission  expected  to  become  available  soon. 

Transmission  of  significant  amounts  of  data  from  experiments  requires  speeds  in  the 
Mega-baud  range,  and  Teleconferencing  requires  the  full  bandwidth  typical  of  television 
broadcasting.  These  two  functions  then  depend  on  direct  station-to-station  transmission 
via  satellite  (6.3  M-baud) 

3.  ACCESS 

The  principal  obstacles  to  use  of  these  advanced  modes  of  communication  by  the 
high  energy  physic  community  are  currently  seen  to  be  the  reluctance  of  the  national 
authorities  responsible  for  communications  to  allow  the  full  range  of  networking  traffic 
to  cross  frontiers,  and  the  very  high  related  charges.  The  governments  represented  at 
the  'Summit'  could  take  actions  that  would  provide  a  direct  and  immediate  stimulus 
to  improved  international  collaboration  by  allowing  the  high-energy  physics  community 
to  exploit  internationally  the  full  range  of  networking  functions.  In  Europe.  ECFA 
and  CERN  have  a  goal  of  establishing  a  set  of  networking  functions,  HEPNET  (of 

b  GIFT  is  a  part),  which  would  be  used  across  Europe,  .n  both  public  and  private 
networks,  to  link  together  the  universities,  institutes  and  laboratories.  The  success  of 
HEPNET  and  its  possible  extension  to  link  other  regions  depend  on  government  support 
for  the  use  of  nation al  communications  systems  in  this  way. 

Turning  to  costs,  the  charges  made  for  use  of  the  present  land  lines  become  high  as 
soon  as  national  boundaries  are  crossed.  This  is  already  a  serious  inhibition  for  many 
of  the  universities  and  smaller  institutes  in  Europe  to  use  nehwking  links  even  for 
the  less  demanding  modes  I  to  3.  The  likely  costs  of  satellite  transmissions  appear 
to  be  prohibitively  high,  and  the  advantages,  especially  in  Tele-confereu^g,  can  only 
be  fully  realired  through  frequent  use.  Therefore,  if  these  facilities  are  to  be  widely 
used,  they  must  be  made  available  at  reduced  rates.  The  return  would  be  seen  in 
greater  effectiveness  in  the  use  of  the  resources  available  to  high  energy  physics,  greatly 
enhanced  scope  for  international  collaboration  in  both  the  exploitation  and  development 
of  accelerators,  and  some  contribution  from  the  high  energy  physics  community  to  the 
development  and  assessment  of  modern  communication  technology  (examples  being  the 
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STELLA  project  which  was  financed  by  the  EEC,  and  the  Japanese-USA  network  now 
being  set  up). 

B.  Standardisation 

In  addition  to  the  need  for  international  standardization  in  communications  tech- 
nology, significant  benefits  for  international  collaboration  would  result  from  adoption 
of  standards  ir  the  following  areas: 

1.  Data* acquisition  electronics 

High-speed  computer-controlled  data  acquisition  is  vital  to  high  energy  physics  ex* 
perimcts.  The  CAMAC  system  b  an  example  of  a  widely  adopted  IEEE  standard  first 
developed  in  the  context  of  nuclear  electronics.  To  meet  the  higher  data  rates  from  con* 
temporary  experiments  a  new  standard,  FASTBUS,  b  being  proposed  and  will  probably 
be  widely  adopted  in  high  energy  physics.  As  with  CAMAC,  FASTBUS  b  also  likely  to 
find  many  applications  in  other  fields.  Micro-processors  are  another  area  where  some 
standardization  may  be  possible. 

2.  Software 

The  development  of  software  makes  one  of  the  greatest,  and  most  often  under- 
estimated, demands  on  manpower.  Efforts  are  being  made  to  adopt  standard  programs 
as  widely  as  possible,  especially  for  tasks  such  as  data  base  management.  Much  more 
should  be  done  in  thb  direction,  but  a  necessary  prerequisite  b  the  greater  facility  for 
exchange  of  programs,  and  their  up-dating,  through  the  improved  wide  area  networking 
mentioned  above. 

C.  Recommendation 

There  are  many  benefits  to  be  gained  from  increased  use  of  modern  communications 
technology,  and  by  the  wider  adoption  of  standard  procedures  and  equipment,  in  the 
fields  of  both  detector  and  accelerator  research  and  development.  These  are  also  areas 
that  make  contact  with  a  broad  range  of  other  activities,  so  that  the  contributions  made 
within  our  field  could  be  of  much  wider  benefit. 

Because  of  the  central  importance  of  these  questions  to  improvement  in  international 
collaboration,  we  recommend  that  a  special  technical  sub-group  be  formed  to  make 
specific  recommendations  on  communications,  and  particularly  to  address  the  relevant 
inter-regional  aspects. 


ERIC 


266 


100 

D.   CoaunmakatSoas  sub-group 

The  term*  of  reference  thou  Id  include  consideration  of  the  following: 
1.   Standards  for  wide  arc*  networking  in  HEP. 

1   Proposals  for  implementation  of  international  networking  for  HEP  (e  g.(  HEPnet 
and  extensions). 

3.  The  requirements  for  satellite  links. 

4.  The  current  charging  structure  for  international  communications,  in  the  context 
of  use  for  HEP. 
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V.   BROADENING  THE  BASE  FOR  HEP 


Most  of  the  R&D  programs  in  accelerator  and  detector  technology  take  place  at  the 
few  major  laboratories  where  the  large  HF*  physics  facilities  are  located.  It  would  be 
very  important  to  broaden  the  base  for  these  activities  for  the  following  reasons. 

1.  Heavy  commitments  of  the  staff  of  the  major  laboratories  with  existing  and 
planned  machines  make  it  difficult  for  them  to  carry  out  with  all  the  desired 
vigor  the  many  R&D  tasks  that  are  essentia!  for  future  novel  accelerators,  possi- 
bly based  on  new  principles,  and  for  novel  detectors  that  will  be  needed  for  more 
advanced  physics  experiments. 

2.  Smaller  universities  or  technical  universities  are  generally  not  heavily  involved  in 
this  field.  Their  participation  should  however  be  strongl)  encouraged,  because 
this  would  broaden  the  attack  on  many  fundamental  and  technical  problems 
present  in  the  field.  These  problems  are  frequently  of  an  inter  disciplinary  nature 
(computer  science,  plasma  physics,  quantum  electronics,  etc.),  and  the  university 
structure  is  well-suited  in  principle  to  handle  them.  It  is  therefore  likely  that 
important  contributions  can  be  obtained  through  strong  involvement  of  these 
institutions.  Moreover,  they  constitute  a  rich  source  of  young,  well-qualified 
scientists  and  high-level  technical  staff,  which  is  needed  in  order  to  insure  that 
the  field  stays  lively  and  dynamic.  Universities  will  share  in  the  benefits  eventually 
obtained  from  this  adven*  c-d  technological  research,  and  they  may  thus  be  induced 
to  take  a  larger  share  in  the  fundamental  aspects  of  HEP  research. 

3  Some  countries  where  no  HEP  base  exists  at  the  present  time  may  advantageously 
collaborate  in  HEP  development  programs  of  the  future.  This  applies  in  particu- 
lar to  the  rather  numerous  less-developed  countries  (LDC's)  of  adequate  scientific 
and  technological  level,  where  international  cooperation  would  provide  highly 
specialized  rdvanced  training  to  their  scientists  and  engineers  who  participated 
in  these  efforts.  This  involves  work  in  many  fields  like  comp*iter  science,  micro- 
electronics, superconductivity,  material  science,  etc.  The  people  trained  in  this 
way  would  be  extremely  useful  after  return  to  their  home  country,  whether  there 
exists  a  HEP  base  or  not.  International  cooperation  would  be  a  significant  con- 
tribution to  the  training  of  senior  staff  in  certain  advanced  technological  areas. 
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Deapite  the  great  seed  for  a  sound  scientific  basis  in  accelerator  science,  it  appears 
that  almost  no  universities  or  technical  universities  offer  regular  courses  on  the  subject. 
This  it  one  of  the  reasons  for  the  relative  lack  of  qualified  young  manpower  in  the  field. 
These  courses  should  be  implemected  and  accompanied  by  theoretical  and  exp  cental 
research  activities.  Such  work  could  conveniently  bt  addressed,  for  example,  to  the  many 
unsolved  questions  related  to  the  new  acceleration  technologies  described  elsewhere.  The 
research  would  usually  consist  of  two  major  phases.  In  the  first  phwe,  most  of  the  work 
would  be  done  at  the  smaller  institutions  by  their  staff  and  graduate  students.  The 
funding  for  this,  as  well  as  the  seed  money  necessary  to  set  up  the  courses,  should  be 
provided  by  the  domestic  funding  agencies.  The  second  phase  might  require  some  special 
Urge  equipment,  such  as  high-power  lasers  or  accelerators,  that  is  available  only  at  the 
major  centers;  this  should  be  funded  through  an  international  cooperative  agreement, 
which  would  determine  the  scope  of  the  corresponding  programs.  There.should  also  be 
an  international  mechanism  for  providing  fellowships  at  the  major  centers  for  student 
training  >nd  for  research  performed  by  university  staff  in  common  programs. 

One  of  the  returns  for  the  university  and  the  home  country  might  well  be  eventual 
industrial  development  of  the  results  of  the  research  activities.  There  are  already  some 
examples  of  this,  as  in  the  case  of  the  development  *,f  a  new  methol  for  producing 
high-field  superconducting  wire  by  a  Dutch  institute,  which  has  been  transferred  to 
industry  ;  and  also  the  development  of  superconducting  cavities  by  a  German  university 
which  are  now  produced  commercially. 

Short-term  schools  on  accelerators  do  already  exist  on  a  regional  basis,  and  they  are 
starting  to  o-  implemented  on  an  inter-regional  basis.  International  cooperation  in  this 
field  b  necessary  because  the  spread  of  information  and  critical  comparison  of  results 
is  important  for  any  future  project.  It  would  also  be  useful  to  provide  funding  for  the 
participation  of  some  people  from  non-HEP  countries  to  attend  these  schools,  especially 
for  the  LDC's. 

The  importance  of  HEP  advanced  techniques  for  highly  qualified  and  motivated 
technicians  from  LDC's  already  been  stressed.  Some  local  initiatives  are  already 
being  taken  in  the  US  and  in  Europe  in  order  to  provide  high-technology  training 
for  scientists  and  engineers  from  LDC's.  Cooperative  international  action  aimed  at 
broadening  this  kind  of  training  would  be  extremely  valuable.  The  techniques  of  HEP 
are  obviously  essential  if  a  country  decides  to  develop  a  HEP  research  program,  but 
even  if  this  is  not  the  case,  one  should  notice  that  acclerators  have  uses  in  other  fields 
such  as  in  medicine,  solid  state  physics,  etc.  More  generally  a  high-level  staff  with  sound 
training  in  advanced  techniques  through  a  first-class  international  collaboration  would 
certainly  be  very  valuable  in  a  broad  range  of  technical  and  industrial  developments 
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APPENDIX  G 

Agenda 
for  High  Energy  Physics 
Summit  Working  Group 
A.  Borschette  Convention  Centre 
36  Rue  Froissart,  Room  0-B 
Brussels,  Belgium 
July  2  and  3,  1984 

July  2.  1984 

9:30       Opening  Remarks:    Dr.  A.  Trivelpiece,  Working  Group  Leader 

(United  States) 

Review  of  Working  Group  Activities 
London  Economic  Summit  Statement 

Acceptance  or  Modification  of  Agenda 

10:00       Presentation:       Dr.  B.  Richter,  Director-Designate 

Stanford  Linear  Accelerator  Center 

"Improving  International  Collaboration  in  High  Energy  Physics" 

Report  of  the  Technical  Subpanel  of  the  Working  Group 

Open  Discussion 

Acceptance  of  Report  Recommendations 

2:00       Status  of  Current  Programs 

Discussion  of  Future  Working  Group  Activities 

Proposal  from  the  United  States      Dr.  A.  Trivelpiece 

Other  Items  Heads  of  Delegation 

Open  Discussion  Leading  to  Subpanel  Charges 

Development  of  Charges  Ad  Hoc  technical  groups 

of  delegates 

July  3,  1984 

9:30       Wrap-up  Session:    Dr.  A.  Trivelpiece 

In  which  the  technical  groups  report 
back  to  the  full  Working  Group 
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United  States: 


Canada: 
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Meeting  Attendance 
Summit  Working  Group 
on  High  Energy  Physics 
Brussels,  Belgium 
July  2  and  3,  1984 

Or*  Alvin  Trivelpiece,  Working  Group  Leader 
Director,  Office  of  Energy  Research 
U.S.  Department  of  Energy 

Dr.  James  Leiss 

Associate  Director  for  High  Energy  and 
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SUMMARY 


This  report  describes  the  methods  and  the  main  results  of  a  study  which  aimed  at  the 
quantification  of  Secondary  Economic  Utility,  defined  as  the  sum  of  increased  turnover  and  cost 
savings,  generated  in  European  high  technology  industry  due  to  orders  placed  by  CERN  during  the 
period  1973-82.  The  study  was  similar  to  one  made  ten  years  ago,  covering  the  period  1955-78  (see 
Rcfj4j).  However,  based  on  the  experience  gained  during  the  first  study,  a  general  quantification 
model  and  improved  sampling  and  extrapolation  methods  were  used  ihis  time. 

Managers  in  160  firms  out  of  a  total  of  519  high  technology  suppliers  to  CERN  were 
interviewed.  They  estimated  their  Economic  Utility  using  the  general  quantification  model 
presented  to  them  during  the  interview.  As  in  the  first  study  they  were  asked  to  give,  if  possible, 
five-year  utility  forecasts;  and  it  emerged  during  the  study  that  when  managers  feel  able  to  make 
forecasts,  these  are,  on  average,  reasonably  accurate. 

If  the  utility  obtained  for  the  firms  interviewed  is  extrapolated  to  the  total  of  519  high 
technology  suppliers  to  CERN,  the  resulting  total  utUity  for  the  period  1973-87  expressed  in  1982 
prices  amounts  to  4800  millon  Swiss  francs  (where  the  values  for  1983-87  are  based  on  forecasts). 
The  extrapolation  error  is  about  ±600  million  Swiss  francs.  During  the  period  1973-82  CERN's 
purchases  from  the  519  firms  amounted  to  138j  million  Swiss  francs. 

It  is  estimated  that  about  15%  of  the  Economic  Utility  generated  since  1973  has  come  from 
purchases  made  prior  to  1973.  Correcting  for  this  reduces  the  total  Economic  UtiKty  to 
4080  million  Swiss  francs  for  purchases  made  since  1973.  The  corrected  utility/sales  ratio  is  3.0; 
which  means  tnat  one  Swiss  franc  spent  by  CERN  in  high  technology  generated  three  Swiss  francs 
of  Economic  UtiKty.  The  overall  cost  of  the  Organization  during  1973-82  was  6945  million  Swiss 
francs,  which  gives  a  value  of  about  0.6  for  the  ratio  of  the  corrected  utility  to  total  CERN  cost.  It 
may  therefore  be  stated  that,  by  1987,  CERN's  high  technology  purchases  made  in  1973-82  will 
have  generated  Economic  Utility  amounting  to  about  60%  of  the  overall  cost  of  CERN  during  the 
same  period. 

A  comparison  of  results  obtained  in  the  first  study  with  those  of  this  study  indicates  that 
CERN's  'utility  creating  power*  is  essentially  the  same  as  ten  years  ago,  and  it  also  appears  that  the 
high  technology  branches  supplying  CERN  arc  suffering  less  from  the  present  economic  difficulties 
than  other  sectors  of  industry. 


VI 


BEST  COPY  AVAILABLE 


ERIC 


278 


CHAPTER  I 


BACKGROUND  TO  THE  STUDY 


About  30  yean  ago,  a  number  of  European  countries  collaborated  to  establish  CERN  in  jrder 
that  Europe  could  regain  its  place  in  the  fo^front  of  particle  physics  research.  CERN  has  since 
bmlt  a  range  of  sophisticated  accelerators  and  research  equipment  to  fulfil  its  mandate.  Considera- 
ble resources  have  been  necessary  to  accomplish  this,  and  CERN  has  in  consequence  found  itself 
assuming  a  technological  and  economic  role  in  Europe  in  addition  to  the  important  scientific  results 
•t  has  achieved. 

Economic  and  cultural  effects  of  fundamental  sciences,  and  the  processes  by  which  they  create 
direct  and  indirect  benefits  to  the  society,  have  been  reviewed  from  time  to  time,  Refs^l]  and  (2), 
for  example.  The  primary  function  of  CERN  is  to  carry  out  'very  basic  research'  in  particle  phys- 
ics, and  the  direct  product  this  research  work  «  incrrafed  scientific  knowledge  or  'cultut',  which 
may  in  the  long  term  give  nse  to  innovation.  An  additional  direct  effect  concerns  CERN's  educa- 
tional role  in  the  training  of  physicists  and  engineers.  The  quantification  of  the  economic  value  of 
these  direct  effects  would  be  extremely  difficult,  if  not  impossible.  However,  CERN  buys  large 
quantities  of  high  technology  equipment  and  the  firms  fulfilling  these  orders  often  observe  short- 
term  (several  years)  economic  advantages  as  a  result  of  collaboration  with  CERN. 

A  first  study,  made  in  1973-1975,  attempted  to  quantify  these  secondary  economic  effects  gen- 
erated by  CERN  In  this  study  about  130  firms  which  had  contracts  with  CERN  were  interviewed 
and  asked  to  quantify  such  effects.  The  study  verified  that  CERN,  with  its  purchases  of  high  tech- 
nology equipment,  often  causes  positive  changes  in  the  turnover  and  the  production  techniques  of 
its  suppliers,  and  that  managers  are  prepared  to  elaborate  and  communicate  quantitative  informa- 
tion related  to  these  effects.  Details  of  this  first  study  are  published  in  Refs.[3]  and  [41.  Similar 
results  were  obtained  during  studies  which  quantified  secondary  economic  effects  created  by  the 
European  Space  Agency,  Refs[5]  and  [61. 

Since  the  time  when  the  first  study  on  the  quantification  of  secondary  economic  effects  result- 
ing from  CERN  contracts  was  made,  the  methodology  of  quantifying  the  economic  effects  has  been 
refined,  Europe's  economic  situation  and  its  technology  have  undergone  significant  changes,  and 
CERN  itself  and  its  relationships  with  industry  have  changed.  CERN  now  spreads  its  orders  over  a 
greater  number  of  firms  than  it  did  in  the  past,  the  number  of  other  European  and  national  organi- 
zations buying  high  technology  equipment  has  increased,  and  European  industry  has  been  able  to 
close  some  of  the  technological  gaps  which  existed  15-20  years  ago  between  Europe  and  the  United 
States  A  study  of  the  resulting  change  in  the  nature  of  the  economic  effects  is  clearly  of  interest. 
In  addition,  the  first  study  took  place  at  a  time  when  the  effects  being  measured  had  arisen  mainly 
during  the  construction  period  of  the  Intersecting  Storage  Rings  (ISR).  The  effects  arising  during 
the  construction  period  of  the  Super  Proton- Synchroton  (SPS)  were,  however,  only  partly  covered 
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by  forecast  values  given  by  industrial  managers.  For  all  these  reasons,  it  was  decided  to  make  a 
second  study. 

This  paper  reports  results  of  the  second  study,  carried  out  between  1982  and  1984.  Improved 
methods  for  the  quantification  of  secondary  economic  effects,  as  compared  with  those  used  in  the 
first  study,  have  been  applied;  in  particular,  a  general  quantification  model  has  been  developed  to 
achieve  the  quantification  of  these  effects  in  a  more  systematic  and  rigorous  way.  In  addition, 
greater  efforts  have  been  made  to  define  the  total  family  of  suppliers  of  hi*h  technology  equipment 
to  CERN,  and  to  obtain  a  representative  sample  of  these  suppliers.  This  allowed  the  extrapolation 
of  the  results  obtained  for  the  sample  to  the  complete  set  of  firms  from  which  the  sample  was 
taken. 
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CHAPTER  II 


ECONOMIC  EFFECTS  OF  RESEARCH  CENTRES 


GENERAL  DESCRIPTION  OF  THE  EFFECTS 


The  principal  aim  of  research  centres  is  the  generation  of  new  "tnowledge,  part  of  which, 
depending  on  its  nature,  will  be  used  sooner  or  later  as  input  in  the  innovation  process  at  the  end 
of  which  stand  new  or  improved  products  or  services.  Beyond  this,  however,  research  centres  may 
have  important  economic  effects  within  the  whole  network  of  the  economy.  These  effects  may  be 
essentially  divided  into  three  categories. 

i)  PRIMARY  ECONOMIC  EFFECTS:  These  result  from  the  primary  aim  of  the  research 
centre  when  the  centres  produce  innovations  themselves,  such  as  new  energy  sources,  tele- 
communications  satellites,  etc. 

CERN's  primary  aim  is  very  basic  research  in  particle  physics  and  practical  applications  of  its 
results  can  rarely  be  foreseen.  Therefore,  economic  effects  resulting  directly  from  research  done  at 
CERN  will  hardly  occur  in  the  foreseeable  future.  However,  the  importance  ot  long-tim  basic 
research  for  future  technological  progress  is  well  known  and  has  been  discussed  in  some  detail  by 
Lcdcrman,  RefsJ  1]  and  [2],  and  in  the  1IT  report,  RcfJT). 

ii)  SECONDARY  ECONOMIC  EFFECTS:  It  is  generally  found  that  a  major  part  of  the 
scientific  equipment  necessary  for  carrying  out  the  research  is  supplied  by  industry.  Often 
the  specifications  and  requirements  arc  beyond  the  "know-how*  currently  available  and 
thus  represent  a  challenge  to  the  manufacturer.  Positive  effects,  such  as  new  products, 
quality  improvements,  productivity  in** /eases,  etc.,  arising  from  this  challenge  may  be  called 
the  'Secondary  Economic  Effects*  of  research  institutes,  Ref{8].  They  are  also  sometimes 
called  "spin-cfT  or  "fall-out*. 

The  present  CERN  study  is  confined  to  these  secondary  economic  effects.  A  quantification  of 
all  the  secondary  economic  effects  resulting  from  CERN  is  probably  impossible.  It  was  therefore 
necessary  to  select  certain  main  effects  which  could  be  quantified,  and  for  which  industry  was  pre- 
pared to  provide  data.  The  description  of  these  main  effects,  which  we  call  "Economic  Utility*,  is 
given  in  the  next  section. 

iii)  MULTIPLIER  EFFECT:  This  occurs  with  all  public  investments  that  create  additional 
demand  for  goods. 

It  is  because  of  the  multiplier  effect  that  the  direct  spending  of  CERN's  material  budget  in  the 
member  states,  and  the  spending  by  CERN  personnel  in  the  region  where  they  live,  also  stimulate 
the  economy  and  create  employment.  These  effects  arc  not  quantified  in  this  study,  but  have  been 
evaluated  for  DESY  in  Hamburg,  Refj9].  The  Geneva  Statistical  Office,  RefJlO),  has  studied  the 
effects  of  the  international  organizations  in  Geneva. 
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II.2  ECONOMIC  UTILITY 


In  order  to  fit  the  secondary  economic  effects  into  a  larger  framework  we  may  use  the  'sur- 
plus' concept  developed  by  Masse,  PefJU],  which  is  described  in  more  detail  in  Appendix  A.  This 
concept  considers  all  the  economic  agents  (employees,  shareholders,  customers,  suppliers  and  the 
state)  in  relation  to  the  firm.  It  defines  the  gains,  positive  or  negative,  which  these  agents  realize  as 
a  result  of  changes  in  industrial  production.  The  sum  of  these  gains,  assuming  it  is  positive,  is 
called  the  'surplus'  by  Masse,  who  defines  its  value  by  comparing  different  years.  But  we  can  also 
define  the  surplus  by  comparing  two  different  situations  during  the  same  time  period.  We  can,  for 
example,  compare  a  firm  which  is  in  business  contact  with  a  research  centre  such  as  CERN,  and 
the  same  firm  without  this  contact.  The  comparison  of  these  two  situations  may  also  show  * 
gained  surplus 

As  shown  in  the  Appendix  A,  the  parts  of  the  gained  surplus,  as  reported  by  managers  in  firms 
which  have  been  influenced  by  a  research  institute  such  as  CERN,  are  increased  turnover  on  the 
sales  side  and  cost  savings  on  the  procedures  and  production  side.  We  call  the  sum  of  these  two 
effects  'Economic  Utility'  so  that 


It  is  this  part  of  the  secondary  economic  effects  due  to  CERN  which  is  quantified  in  this 
study,  and  which  was  also  quantified  during  the  first  study. 


Economic  Utility  ■  Increased  Turnover  +  Cost  Savings. 
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CHAPTER  III 
ECONOMIC  UTILITY  RESULTING  FROM  CERN 

IIL1  THE  ECONOMIC  UTILITY  CREATION  MECHANISM 

Economic  utility  is  stimulated  by  CtSRN  through  its  purchases  from  industry.  Indeed  much 
of  the  equipment  needed  by  CERN  poses  new  problems,  either  by  the  technical  specifications,  or 
even  by  the  sheer  volume  of  complicated  non-standard  goods  (eg.  hundreds  of  high- precision  cL«. 
tromagnets  or  high-performance  vacuum  pumps)  which  are  necessary  for  the  budding  of  an  mccI 
era  tor  or  related  experimental  equipment. 

Firms  which  meet  the  challenge  of  such  deliveries  may  afterwards  be  able  to  offer  and  sell  r.;w 
or  Improved  goods  to  their  other  customers.  Thus  sales  increases  may  be  due  to  the  ro!io\un>: 
mechanisms: 

i)  NEW  PRODUCTS:  Firms  may  be  led  to  market  new  or  improved  products  a$  a  con<o 
quence  of  the  acquisition  of  new  technology  they  have  developed  for.  or  together  with. 
CERN.  Also  the  volume  of  orders  placed  by  the  Organization,  its  non -competitive  relation 
with  industry,  and  the  possibility  of  monitoring  the  performance  of  equipment  delivered  to 
CERN,  may  incite  a  firm  to  develop  new  products. 

ii)  MARKETING:  The  success  of  a  product  depends  finally  on  its  sales  on  the  in.irkei 
CERN's  criteria  for  selecting  products  are  known  to  be  rigorous,  and  CERN  is  obliL-:d  to 
choose  its  suppliers  on  the  basis  of  price  for  well-defined  specifications.  Consi  arable 
efforts  are  devoted  to  comparing  products  in  order  to  choose  the  most  suitable  onc>,  and 
other  customers  may  profit  from  this  work  by  following  CERN's  choice.  Further,  matcnal 
delivered  to  CERN  is  subject  to  strict  performance  control  when  in  operation,  sometimes 
for  very  long  periods.  Firms  may  refer  to  these  facts  in  order  to  persuade  other  customers 
to  buy  their  goods. 

(It  might  be  argued  truu  *  CERN  supplier  which  increase!  iu  share  of  the  market  decs  so  at  the  eipense  of  hi 
compeu-ori,  and  that,  from  a  European  point  of  view,  there  might  be  no  positive  effect  at  ali  This  arr.urrer.t 
wouJd  be  correct  only  in  a  market  with  conventional  goods  and  a  constant  olume.  We  are  dealing  with  mar<e:s 
which  have  high  growth  rates  (electronics  for  example),  and/or  with  products  which  change  constantly  due  10 
rapid  technological  evolution.  CERN  buys  products  of  the  highest  quality  adapted  to  its  purposes  a.vJ  at  the 
lowest  price.  The  resulting  higher  turnover  forces  the  competitors  of  the  CERN  suppliers  to  unpro\c  thei: 
products,  10  the  benefit  of  other  customers.  This  is  an  efficient  mechanism  for  keeping  European  industry 
abreast  of  overseas  competition), 
iu)  QUALITY:  Many  firms  producing  in  high  technology  fields  sell  their  products  pn manly 
on  the  basis  of  quality  Contnbutions  to  quality  represent,  for  these  firms,  an  important 
element,  since  it  permits  them  to  maintain  or  improve  their  place  in  the  market.  Cl.RYs 
quality  requirements  are  often  higher  than  that  initially  offered  by  the  firms,  but  not  so 
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high  »s  to  lead  to  products  which  are  overpriced  and  hence  find  no  other  customers. 
CERN  therefore  has  an  appreciable  effect,  not  only  as  a  "quality  standard",  but  also 
through  its  capacity  to  help  overcome  technical  problems  when  they  arise, 
iv)  MAINTENANCE  OF  PRODUCTION  CAPACITY:  Some  areas  of  high  technology  are 
still  awaiting  a  breakthrough  in  the  marketplace.  In  the  meantime,  orders  from  research 
centres,  such  as  CERN,  may  assure  the  survival  of  some  production  capacity  related  to 
such  areas,  thereby  contributing  to  Europe's  technological  independence.  CERN  orders 
may  generally  help  firms  to  survive  difficult  periods  when  other  orders  are  low. 
Cost  savings  may  result  directly  from  the  CERN-industry  connect  V.  if,  for  example,  a  firm 
learns  something  new  as  a  result  of  an  order  from  CERN.  This  may     -    ^y  fulfilling  the  Organ- 
ization's requirements,  or  through  contact  with  its  engineers  who  shov>.  .    w  to  improve  a  partic- 
ular production  process,  or  by  using  research  and  development  results  fiom  CERN,  Indirect  cost 
savings  may  result  from  increased  sales  to  -  or  stimulated  by  -  CERN  as  deuvibed  above. 

There  arc  occasional  losses  resulting  from  the  relation  between  CERN  and  industry,  or  as  a 
side-effrct  of  generating  utility.  These  have  to  be  taken  into  account  when  economic  utility  due  to 
CERN  is  quantified.  This  fact  is  covered  by  the  general  quantification  method  which  is  described 
in  the  next  section. 

III.2  THE  QUANTIFICATION  METHOD 

Economic  utility  caused  by  research  establishments  is  actually  produced  in,  and  by,  industry 
and  this  is  where  the  data  have  to  be  collected  for  its  quantification.  They  arc  in  most  cases,  not 
readily  available  and  arc  often  confidential.  Hence  some  conditions  must  be  fulfilled  in  Order  to 
carry  out  a  utility  study  successfully.  First,  the  information  must  be  collected  by  means  of  personal 
interviews.  Many  managers  are  prepared  to  provide  information  orally  which  they  would  not  con- 
vey in  writing.  The  mechanisms  of  utility  creation  are  too  complex  to  be  covered  entirely  by  a 
questionnaire,  which  could  lead  to  misunderstandings.  Second,  quantification  models  have  to  be 
developed,  which  are  sufficiently  concise  to  be  explained  within  the  limited  time  available  during 
the  interview,  and  which  are  sufficiently  powerful  to  cover  Ac  multitude  of  cases  which  occur. 

Based  on  the  experience  gained  in  the  first  study,  a  general  quantification  formula  for  the 
quantification  of  economic  utility  due  to  CERN  was  developed  for  the  new  study.  The  basic  ideas 
which  underly  the  formula  are  given  belo*. 

For  simplicity,  the  explanation  of  the  basic  ideas  is  limited  to  an  example  of  the  quantification 
of  increased  turnover  utility.  The  general  case  including  the  quantification  of  cost  savings  utility  is 
given  in  detail  in  Appendix  B. 

We  assume  that  there  are  basic  activities  in  a  firm  which  essentially  cause  economic  results 
such  as  turnover.  Such  activities,  which  are  shown  in  Figure  1,  are  mainly  related  to  the  following; 
new  products,  marketing,  research  and  development,  production  techniques,  management  proce- 
dures, quaKty  standards,  pricing.  A  firm  may,  for  instance,  say  that  10%  of  its  total  turnover  is  due 
to  its  marketing  efforts  and  15%  is  due  to  activities  which  ensure  good  quality.  Suppose  now  that 
the  firm  estimates  that  the  influence  of  CERN  has  led  to  a  20%  improvement  in  its  marketing  to 
other  customers  and  helped  to  improve  quality  by  10%.  We  then  conclude  that 
100  •  0.1  *  0.2  «  2%  of  the  total  turnover  is  due  to  CERN's  influence  on  marketing,  and  in 
addition,  100  *  0.15  *  0.1  «  1.5%  of  the  turnover  is  due  to  CERN's  impact  on  quality.  Gener- 
alizing this  idea,  managers  can  put  percentage  figures  on  the  various  activities  of  their  firms  and  on 
CERN's  influence  on  these  »ctivities. 
purchases 

It  is,  however,  clear  that  often  only  some  part  of  the  total  turnover  of  a  firm  is  influenced  by 
CERN  (in  Appendix  B  this  is  called  'CERN  Relevant  Turnover*).  From  this  relevant  turnover, 
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Figure  /:  Principal  secondary  economic  effects  resulting  from  CERN. 


the  firm's  direct  sales  to  CERN  must  then  be  subtracted  and  the  remainder  multiplied  by  the 
above- mentioned  percentages  to  give  the  increased  turnover  generated  by  CERN    Finally,  any 
financial  losses  due  to  CERN,  and  any  opportunity  costs,  or  investment  costs  necessary  to  bring 
about  the  utility  must  be  subtracted  to  obtain  the  increased  turnover  utility. 
Possible  cost  savings  are  calculated  in  an  analogous  manner. 

Since  pnees  and  influence  f acton  are  time-dependent,  utilities  are  estimated  by  industrial  man- 
agers in  financial  periods,  each  covering  one  year  As  in  previous  studies,  they  relate  not  only  to 
past  events  but  also  include,  whenever  possible,  forecasts  for  the  next  five  years. 

III.3  THE  SAMPLE  OF  FIRMS 

CERN  buys  from  approximately  6000  suppliers,  about  10%  of  whom  sell  high  technology 
goods.  As  it  was  considered  necessary  to  make  personal  interviews  in  order  to  obtain  accurate 
quantification  data,  and  as  the  resources  in  time  and  money  available  for  the  present  study  were 
sufficient  for  about  170  firms  to  be  interviewed,  only  a  sample  of  the  high  technology  suppliers  of 
CERN  could  be  considered  in  the  present  survey. 

The  first  problem  was  to  select  the  high  technology  firms  from  the  total  of  6000  CERN  sup- 
pliers. Computer  tapes  giving  details  of  CERN  payments  to  firms  for  seven  years  during  the  penod 
1973  to  1981  (1974  and  1979  tapes  were  not  available)  were  used  for  this  purpose. 

About  90%  of  the  firms  on  the  tapes  are  not  high  technology  suppliers,  and  these  were  elimi- 
nated in  two  steps.  Many  were  excluded  by  a  decision  to  consider  only  those  firms  which  had  sales 
to  CERN  equal  to  or  greater  than  100000  Swiss  francs  in  at  least  one  of  the  seven  years  covered  by 
the  tapes.  The  resulting  list  contained  more  than  1200  firms,  and  checks  revealed  that  only  a  small 
fraction  of  high  technology  suppliers  was  lost  this  way.  By  checking  the  firms  remaining  on  the  list 
individually,  and  eliminating  those  not  supplying  high  technology  equipment,  a  final  number  of  519 
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high  technology  firms  remained.  The  results  from  the  sample  of  firms  interviewed  have  been 
extrapolated  to  obtain  valid  figures  for  the  whole  family  of  519  high  technology  suppliers. 

The  family  of  high-technology  firms  was  divided  into  two  classes:  firms  which  had  participated 
in  the  first  study  (named  'old*  firms),  and  the  rest  (named  'new*  firms).  It  was  'decided  to  take 
about  one  quarter  of  the  total  sample  from  the  'old*  firms  in  order  to  be  able  to  compare  the 
results  with  those  of  the  first  study  and  to  analyze  the  validity  of  the  forecast  utility  values  from  the 
first  study.  This  gives  an  over- representation  of  'old'  firms;  but,  since  a  random  sample  was  taken 
separately  from  both  the  'new'  and  the  'old'  firms,  these  two  samples  arc  representative  each  of  its 
own  group.  In  each  group  a  stratified  sample  was  taken,  where  the  stratification  (grouping)  was 
made  according  to  five  industrial  categories  (sec  Table  I)  and  two  leveh  (less  than,  or  greater  than, 
one  million  Swiss  francs)  of  the  firms'  total  SiJes  to  CERN  during  the  time-period  being  examined. 

Apart  from  the  grouping  mentioned  above,  seven  'old'  firms  were  selected  for  the  training  of 
the  interviewers.  The  selection  of  these  seven  firms  was  not  done  by  random  selection,  and  there- 
fore the  results  for  these  firms  were  not  used  for  the  extrapolation  to  the  whole  group  of  'old' 
firms. 

IIL4  THE  INTERVIEW  PROCEDURE 

The  data  were  collected  between  May  1982  and  June  1984.  The  group  making  the  interviews 
consisted  of  the  seven  authors  of  this  report  coming  from  vanous  disciplines.  Each  interviewer  was 
provided  with  information  concerning  the  firms,  such  as  order  volume  and  the  nature  of  the 
matenal  delivered  to  CERN  Before  the  interview,  discussions  were  held  with  one  or  more  CERN 
staff  who  had  had  technical  contact  with  the  firm.  The  most  appropriate  top-level  manager  in  the 
firm  was  then  contacted  by  telephone  and  asked  if  the  firm  would  agree  to  participate  in  the  study, 
and  an  appointment  was  fixed.  In  rare  cases,  where  no  appointment  could  be  arranged,  the  inter- 
view was  carried  out  by  telephone. 

To  avoid  misunderstandings,  the  interview  was  carried  out,  whenever  possible,  in  the  language 
spoken  by  the  industrial  manager.  Interviews  began  with  a  short  review  of  the  first  CERN  Eco- 
nomic Study  and  stressing  the  confidentiality  of  any  information  provided  by  the  manager,  followed 
by  a  review  of  past  and/or  present  contracts  with  CERN.  Sales  figures  to  CERN  were  checked,  as 
well  as  the  type  of  goods  supplied,  these  figures  being  broken  down,  where  necessary,  by  produc- 
tion branch  of  the  firm.  The  type  of  utility  created  by  the  collaboration  was  determined  using  the 
quantification  model.  In  some  cases,  where  the  utility  was  due  to  specific  contracts  obtained  as  a 
result  of  CERN  influence,  the  manager  provided  absolute  values  of  utility.  Other  information 
obtained,  where  possible,  included  distribution  of  surplus,  origin  of  goods,  comments  on  CERN's 
purchasing  procedures,  creation  of  employment,  etc.  Where  a  firm  had  participated  in  the  first 
study,  the  previous  forecasts  for  the  first  part  of  the  period  now  being  examined  were  compared 
with  what  really  happened.  It  was  helpful  if  the  same  manager  could  be  seen  on  both  occasions,  as 
personal  knowledge  and  memory  play  important  roles  in  the  estimation  process,  but,  because  of  the 
effects  of  staff  changes  in  ten  years,  it  was  in  fact  unusual  to  be  atle  to  do  so. 

During  the  interviews  it  was  often  possible  to  meet  the  director  of  the  firm  and/or  the  directors 
of  various  branches  (technical  and  marketing  directors),  to  visit  the  production  lines,  and  to  gain  a 
better  understanding  of  where  problems  had  arisen,  or  could  arise,  when  dealing  with  CERN.  It 
proved  necessary  from  time  to  time  to  explain  the  essentials  of  CERN's  Financial  Rules  and  related 
purchasing  procedures,  and  to  explain  the  way  these  rules  have  been  laid  down  by  the  Council  and 
subsequently  checked  for  correct  application. 

A  report,  used  exclusively  by  the  members  of  the  study  group,  was  prepared  after  each  visit 
made,  and  the  information  obtained  was  summarized  in  tables  from  which  the  data  were  entered 
into  a  computer  for  subsequent  analysis. 
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CHAPTER  IV 


QUALITATIVE  RESULTS 


IV.!  GENERAL  REMARKS 

The  industrial  managers  who  were  interviewed  provided  estimates  of  the  increased  turnover 
and  cost  savings  due  to  the  influence  of  CERN,  but  only  occasionally  gave  information  concerning 
the  way  in  which  these  turnover  increases  have  been  achieved. 

Increased  turnover  ,ias  in  some  cases  led  to  the  creation  of  employment,  but  many  firms  will 
probably  have  taken  advantage  of  a  certain  amount  of  unused  resources,  and  this  has  avoided  the 
laying  off  of  personnel. 

The  evaluation  of  the  cost  of  increased  turnover  and  the  full  quantification  of  the  creation  and 
maintenance  of  employment  would  require  further  investigations  among  the  firms  concerned. 

Risk  is  a  major  obstacle  to  industrial  innovation.  When  dealing  with  CERN  the  risk  inherent 
in  breaking  new  ground  is  likely  to  be  less  than  when  dealing  with  other  customers.  CERN  can 
often  help  in  solving  technical  problems,  and  failures  are  certainty  not  exploited  by  CERN  to  harm 
the  industnal  partner  After  all,  the  only  thing  of  interest  to  CERN  is  to  obtain  goods  with  the 
required  quality  within  the  time  specified.  All  performance  data  on  material  delivered  are  available 
to  the  interested  supplier,  and  this  information  is  successfully  used  by  some  firms  to  save  costs 
and/or  to  open  new  markets 

IV.2  IMPRESSIONS  OF  THE  INTERVIEWS 

Some  interviews  started  cautiously,  especially  where  CERN  had  not  placed  any  orders  for 
some  years  On  a  number  of  occasions,  although  there  appeared  to  be  no  probability  of  finding 
utility  when  the  firm  was  first  approached,  positive  results  were  nevertheless  obtained  during  the 


In  the  branches  where  technological  development  was  pushed  by  CERN,  many  firms  appreci- 
ated the  information  and  help  given  by  CERN  technical  staff.  This  often  helped  them  to  overcome 
major  problems  which  had  not  been  foreseen  in  advance. 

Marketing  is  an  important  factor,  especially  in  the  case  of  small  firms  which  had  not  p:evi- 
ously  exported  outside  their  own  countries.  CERN  has  succeeded  in  helping  several  such  firms  to 
initiate  their  export  trade.  The  mere  fact  of  having  sold  to  CERN  may  be  an  important  sales  argu- 
ment, although  this  was  sometimes  difficult  to  quantify. 

CERN's  quality  requirements  have  helped  some  firms  to  penetrate  overseas  markets,  to  be 
more  competitive  against  overseas  suppliers  on  European  markets  In  one  or  two  cases,  the  quality 
requirements  had  a  negative  effect,  because  they  were  much  above  the  level  required  by  other  cus- 
tomers As  expected,  the  CERN  influence  was  acknowledged  in  connection  with  research  and 
development  and  quality  improvement  Quality  problems  were  sometimes  seen  to  have  produced 
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changes  in  management  procedures  and/or  structures,  although  quantification  of  the  resulting  utility 
was  not  always  possible. 

During  the  interviews  with  farms  which  had  incurred  losses  on  CERN  contracts  it  became 
clear  that  this  often  resulted  from  an  underestimation  of  the  production  costs.  Some  interviews 
also  showed  that  firms  may  offer  special  conditions  to  CERN  in  order  to  have,  or  maintain,  CERN 
on  their  reference  list.  The  cost  of  this  can  be  absorbed  if  the  technology  learned  from  CERN 
contracts  is  used  to  satisfy  other  customers  or  to  introduce  new  products  in  the  market;  but  diffi- 
culties may  arise  when  the  expected  openings  in  the  market  do  not  occur. 

IV.3  EXAMPLES  OF  CERN-GENERATED  UTILITY 

CERN -generated  economic  utility  seems  to  grow  on  soil  of  ?11  kinds,  provided  that  at  least 
one  of  several  conditions  is  fulfilled.*)  Some  of  these  were  found  to  be: 

•  the  firm  is  active  in  advanced  technology; 

•  a  good  professional  relationship  exists  between  CERN  staff  and  staff  in  the  firm  with  sufficient 

executive  power; 

•  the  marketing  manager  is  aware  of  the  fact  that,  for  some  potential  customers,  CERN  is  a  good 

reference; 

•  the  staff  responsible  for  the  firm's  quality  control  have  sufficient  influence; 

•  the  firm  makes  an  effort  to  satisfy  CERN's  requirements,  without  necessarily  making  a  profit 

while  doing  so 

The  following  examples  illustrate  these  points: 

1)  TURNOVER  INCREASE.  Several  European  firms  arc  fighting  for  a  share  of  the  highl- 
and ultra-high -vacuum  market  Their  major  sales  argument  is  based  on  improved  per- 
formance of  the  equipment  offered  to  their  customers  However,  the  development  of  a  new 
or  improved  product  is  expensive  and  therefore  risky.  Under  tnesc  circumstances,  the  large 
CERN  projects  with  their  requirements  for  a  comparatively  large  number  of  units  have 
reduced  the  risks  considerably,  and  CERN  has  played  a  significant  role  in  the  firms'  deci- 
sions to  take  the  nsk.  CERN  has  significantly  contributed  to  the  breakthrough  of  several 
products  on  the  market,  and  the  firms  in  question  were  able  to  quantify  CERN's  contribu- 
tion to  the  corresponding  sales.  The  net  result  of  this  is  that  the  European  vacuum  indus- 
try is  well  placed  compared  to  the  overseas  competition. 

u)  FIRM  CREATED  DUE  TO  CERN:  A  small  firm  specializing  in  precision  mechanical 
components  was  set  up  about  10  years  ago  with  the  idea  that  the  firm  would  be  able  to  sell 
a  reasonable  percentage  of  its  production  to  CERN  The  firm  was  successful,  and  has  reg- 
ularly sold  to  CERN,  whose  influence  on  the  success  of  the  firm  has  remained  at  the  same 
level  as  at  the  time  the  firm  was  created.  At  the  beginning  of  the  collaboration  the  owner 
of  the  firm  had  to  develop  special  metal  alloys  to  satisfy  the  CERN  specifications.  This 
has  enabled  the  firm  to  remain  competitive  both  on  the  home  and  export  market,  so  that, 
when  economic  difficulties  resulted  in  a  drop  in  the  home  market,  the  firm  was  able  to 
increase  considerably  its  exports  to  other  European  countries. 

ui)  CERN  AS  A  TESTBED:  CERN  may  serve  as  a  long-term  testbed,  since  all  performance 
data  on  material  delivered  are  available  to  the  interested  supplier.  This  has  been  particu- 
larly true  for  suppliers  of  photo  multipliers,  and  other  special  kinds  of  tubes;  and  especially 

*)  Even  if  tome  or  ill  of  these  conditions  are  unified,  there  is  no  guarantee  that  utility  will  be  created,  owuig  to  the  many 
existing  obstacles  to  successful  technology  transfer  or  to  unforeseen  market  developments 
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in  computing  and  related  fields.  Computer  manufacturers  test  computers,  computer  sys- 
tems iuch  as  networks,  and  software,  extensively  at  CERN,  where  they  benefit  from  the 
•know-how*  and  long-standing  experience  of  CERN's  experts.  In  particular,  some  firms 
test  electronic  equipment  for  reliability  and  performance  at  CERN  before  putting  it  on  the 
market. 

iv)  MAINTENANCE  OF  PRODUCTION:  Among  the  problems  of  managing  a  shipyard  ij 
that  of  irregular  production  levels.  One  shipyard  his  on  two  occasions  succesfully  made 
bids  for  CERN  contracts  which  enabled  the  yard  to  maintain  its  production  level  •  and  of 
course  its  work  force  -  during  slack  times  in  its  normal  work  of  ship  construction  and 
repair. 

v)  INTERCOMPANY  COLLABORATION:  A  small  firm,  which  has  supplied  CERN 
with  standard,  but  specialized,  hydraulic  equipment  for  about  15  years,  entered  into  a 
commercial  collaboration  with  several  large  firms  because  of  contacts  made  at  CERN.  As 
a  consequence  of  this  collaboration  the  smaller  firm's  components  arc  now  standardized 
with  the  products  of  the  larger  firms,  resulting  in  a  large  increase  in  turnover  and  exports  to 
other  countries 

vi)  COMPLEX  UTILITY  WITH  MANY  INFLUENCE  FACTORS:  A  firm  was  created 
more  than  ten  years  ago  to  produce  precision  mechanical  products  with  a  few  employees. 
Three  years  after  its  creation  it  obtained  its  first  CERN  contract  for  mechanical  compo- 
nents for  electronic  equipment  which  has  since  been  widely  used  outside  CERN.  In  order 
to  keep  abreast  of  competition  and  to  be  accepted  as  a  CERN  supplier  over  the  years,  the 
firm  has  constantly  had  to  improve  the  precision  and  quality  of  its  products.  It  did  so  by 
using  the  CERN  specification  as  a  sort  of  standard.  It  further  successfully  used  the  refer-  • 
encc  to  CERN  sales  in  order  to  acquire  other  customers,  first  in  research,  and  later  in  other 
markets  such  as  television,  railways,  subways,  etc.  A  few  years  ago  it  undertook  a  major 
internal  reorganization  in  order  to  increase  productivity  -  a  risk  it  was  able  to  take  because 
of  the  CEr  V  orders  and  ihc  resulting  utility.  Approximately  half  of  this  CERN-created 
surplus  wa-  re-invested,  and  the  remainder  used  in  equal  parts  to  increase  salaries,  reduce 
prices  and  pay  taxes  Furthermore,  CERN  has  created  or  maintained,  by  its  contracts  or 
the  related  CERN-gcnerated  utility,  a  number  of  jobs  within  the  total  workforce. 

vu)  COST  SAVINGS.  A  large  electronics  firm  received  an  order  from  CERN  for  amplifiers 
which  enabled  the  company  to  maintain  its  production  levels  when  other  orders  were  low. 
A  certain  amount  of  development  work  was  required  in  order  to  satisfy  the  special  needs  of 
CERN,  leading  to  cost  savings  which  were  used  by  the  company  to  reduce  sales  prices. 

viii)  INNOVATION  AND  QUALITY:  The  innovations  and/or  quality  improvements  result- 
ing  from  CERN  contracts  are  often  applied  in  fields  which  have  no  direct  connection  with 
high-energy  physics  For  example,  the  stnet  and  complicated  requirements  of  CERN  con- 
cerning the  optical  and  ageing  qualities  of  light  guides  and  scintillators  has  enabled  one  firm 
to  develop  products  for  solar  energy  applications.  Since  the  technologies  necessary  to 
obtain  the  required  optical  properties  of  solar  panels  in  production  quantities  are  already 
known  to  the  firm,  it  expects  to  be  able  to  enter  the  market  -  which  is  only  just  beginning 
to  expand  -  with  a  lead  over  its  competitors.  In  this  case  it  was  still  too  early  to  estimate 
the  full  amount  of  CERN -generated  utility. 

ix)  CERN  AS  REFERENCE*  Being  a  CERN  supplier  can  often  be  a  useful  reference  for 
firms  In  one  case  a  firm  making  cooling  equipment  for  CERN  was  able  to  gain  admission 
to  a  trade  association  and,  as  a  result,  was  able  to  obtain  an  increased  number  of  contracts. 
In  another  case  a  firm  building  transformers  used  the  fact  that  it  was  a  CERN  supplier  to 
support  its  request  for  an  international  licence  for  certain  products. 

x)  NEGATIVE  EFFECT:  CERN's  quality  requirements  do  not  always  have  a  positive  effect 
on  industry.  In  one  case,  the  rigorous  technical  requirements  of  a  CERN  specification 
influenced  a  firm  making  electrical  equipment  in  deciding  to  change  its  general  assembly 
line  procedures.  The  firm  later  discovered  that  these  changes  had  resulted  in  a  decrease  in 
productivity. 
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CHAPTER  V 
QUANTITATIVE  RESULTS 

V.l  QUANTITATIVE  RESULTS  OF  THE  SAMPLE 

It  must  be  emphasised  that  las  was  the  case  in  the  first  study)  the  quantitat  ve  estimations  of 
the  C CRN-generated  utility  were  made  by  the  industnal  managers  and  not  by  the  CERN  inter- 
viewers. In  case  of  doubt,  the  lowest  figures  were  always  taken. 

Between  May  1982  and  June  1984,  166  European  firms  were  interviewed,  and  160  were  able  to 
provide  useful  information  concerning  utility.  Of  these  160  firms,  55  had  no  utility  or  could  not 
quantify  admitted  utility,  and  6  had  made  losses  on  CERN  contracts  which  exceeded  utility. 

The  period  covered  by  the  study  runs  from  1973  to  1982  for  the  firm's  sales  to  CERN,  and 
from  1973  to  1987  for  utility  crca  ed  by  CERN.  Previous  studies  on  utility  showed  it  was  possible 
to  obtain  utility  forecasts  for  atx  ut  five  years  into  the  future  However,  this  time,  because  of  the 
present  economic  uncertainties,  managers  were  often  very  reluctant  to  give  such  forecasts,  which 
were  nevertheless  obtained,  for  at  least  one  year  ahead,  from  78  firms.  The  Gve-ycar  forecast  period 
until  1987  was  therefore  maintained  in  order  to  give  results  which  are  comparable  with  the  previous 
study,  but  it  is  clear  that  the  utilities  reported  for  the  later  part  of  this  penod  are  under-estimated 
(sec  Figure  2). 

Between  1973  and  1982,  CERN  spent  748  million  Swiss  francs*)  with  the  160  firms  of  the 
sample  which  provided  information,  and  these  firms  reported  a  utility  of  3107  million  Swiss  francs 
for  the  penod  1973-1987  The  utility  arising  from  ^creased  turnover  amounts  to  2983  million 
Swiss  francs  and  utility  from  cost  savings  is  124  million  Swiss  francs. 

It  should  be  remembered  that  direct  sales  to  CERN  have  been  deducted  from  the  increased 
turnover  utility,  and  that  values  are  net,  i  e.  opportunity  and  other  costs,  and  any  losses  due  to 
CERN,  have  also  been  deducted.  These  data  represent  a  lower  limit  of  the  utility  actually  gener- 
ated by  CERN,  for  the  following  reasons  First,  it  is  the  impression  of  all  the  interviewers  that  there 
is  no  systematic  bias  which  would  lead  firms  to  inflate  utility  figures  to  please  CERN  or  the  inter- 
viewer Second,  it  is  possible  that  the  manager  interviewed  may  not  have  been  aware  of  certain 
utility  situations,  or  he  may  not  have  been  in  his  present  position  long  enough  to  have  expenence 
of  the  whole  penod  under  review.  Third,  there  remain  some  utilities  which  managers  were  some- 
tunes  unable  to  quantify,  particularly  the  reference  value  of  being  a  CERN  supplier. 

Figure  2  shows  the  histogram  of  the  interviewed  firms*  yearly  sales  to  CERN  and  the  resulting 
yearly  created  utility.  The  corresponding  accumulated  values  are  shown  in  Figure  3. 
The  SPS  project  lasted  from  1971  to  1978  with  payment  of  invoices  extending  into  1979.  SPS  sales 
appear  to  have  produced  their  utility  with  a  delay  of  a  few  years  The  values  shown  for  the  period 

)  Financial  data  u  Chapter  S  ve  cxprested  in  constant  1952  prices  (i  e  corrected  for  inflation) 
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Figure  2.  Yearly  sales  and  yearly  utilities  from  160  firms  interviewed. 
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Figure  3:  Accumulated  sales  and  utilities  from  160  firms  interviewed 
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1984*87  are  comparatively  low  mainly  because  only  about  hall*  of  the  firms  interviewed  made  fore- 
casts. 

The  utilities  found  for  the  various  industrial  categories  are  given  in  Table  I. 


Table  I:  Bieakdown  of  Sample  Data  (160  firms)  by  Industrial  Category 


Electronics, 
Optics, 
Computers 

Electrical 
equipment 

Vacuura, 
Cryogenics, 
Super- 
conductivity 

Steel 
and 
Welding 

Precision 
mt  chanics 

Totals 

Net  utility 
(MSF) 

1576 

677 

355 

225 

74 

3107 

Corrected 
utility* 

(MSF) 

1340 

7«5 

300 

190 

65 

2640 

Losses 
(MSF) 

3.7 

5.4 

5.3 

0.4 

0.2 

15.0 

Sales 
investigated 
(MSF) 

359.2 

101.* 

25.8 

31.2 

747.6 

Corrected 
utility/sales 
ratio 

6.1 

2.1 

3.0 

5.3 

2.1 

3.5 

Number  of 

firns 
interviewed 

57 

46 

2? 

16 

19 

160 

Nunber  of 
firms  without 
utility 

1? 

19 

8 

8 

8 

55 

•  Corrected  utility  equals  85*  of  net  utility,  for  explanation  see  Section  V.2. 


Because  of  the  complexity  of  modem  European  industry,  it  is  very  difficult,  if  no*  impossible, 
to  determine  exactly  which  country  benefits  from  the  utility  generated  This  is  particularly  true  for 
multinational  suppliers.  Therefore  it  has  not  been  possible  to  make  any  breakdown  of  the  infor- 
mation by  country. 

A  part  of  the  increased  turnover  making  up  the  utility  consists  of  sales  to  the  high  energy  and 
nuclear  physics  market.  Although  it  was  difficult  to  obtain  reliable  information  on  this  for  the  full 
penod  of  the  study,  reasonably  accurate  values  obtained  for  1982  showed  that  only  24%  of 
CL RN -generated  increased  turnover  consisted  of  sales  to  the  high  energy  and  nuclear  physics  mar- 
ket Indeed,  CERN  s  purchases  have  stimulated  technological  improvements  in  fields  whicn  are 
not  related  to  high  energy  and  nuc.car  physics  such  as,  solar  energy,  electneal  industry,  railways, 
computers  and  telecommunications 
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V.2  EXTRAPOLATION  OF  THE  SAMPLED  DATA 

The  extrapolation  of  the  utility  obtained  for  the  random  sample  to  the  total  family  of  firms 
from  which  the  sample  was  taken  was  made  using  the  group  averages.  A  few  of  the  firms  inter- 
viewed reported  utilities  which  were  noticeably  higher  than  the  utilities  of  other  firms  in  their  group, 
and  although  these  cases  (outliers)  could  be  explained,  they  were  not  considered  to  be  representa- 
tive They  were  therefore  excluded  from  the  computation  of  group  averages,  and  hence  not  used 
for  the  extrapolation. 

Between  1973  and  1982,  CERN  spent  1379  million  Swiss  francs  with  *he  519  high  technology 
firms,  and  the  total  utility  for  the  penod  1973-1987  obtained  by  extrapolation  amounts  to 
4796  million  Swiss  francs.  Errors  can  occur  in  the  extrapolation  process  from  two  sources,  errors 
in  estimating  the  group  averages,  and  errors  due  to  the  difficulty  of  assigning  multi-branch  firms  to 
the  correct  group  This  extrapolation  error  (99%  confidence  interval)  has  been  calculated  to  be 
±623  million  Swiss  francs. 

When  comparing  the  3 107  million  Swiss  francs  of  utility  for  the  160  firms  to  the  1689  million 
Sviss  francs  of  extrapolated  utility  for  the  remaining  359  firms,  two  points  have  to  be  taken  into 
account  First,  the  sales  to  CERN  by  the  firms  interviewed  already  represents  57%  of  the  total 
high  technology  sales  to  CERN  Second,  the  outliers  contributed  strongly  to  the  utility  of  the 
interviewed  firms  but  did  not  contribute  to  the  extrapolated  values. 

Assuming  that  the  utilities  of  the  years  1973-75  are  essentially  the  result  of  CERN  orders  prior 
to  1973,  the  utility  corrected  for  this  effect  is  about  85%  of  the  net  utility.  The  corrected  utility/ 
salrs  ratio  then  gives  a  measure  of  the  utility  created  by  CERN's  high  technology  purchases  made 
during  the  penod  1973-82  For  the  sample  this  ratio  is  3  5,  which  compares  well  with  the  ratio  of 
3  7  found  last  time  *)  The  overall  (after  extrapolation)  corrected  utility/ sales  ratio  becomes  3.0 


Table  2:  Breakdown  of  Total  Data  (519  firms)  by  Industrial  Category 


Flextronics, 
Optics, 
Computers 

Electrical 
equipment 

Vacuum, 
Cryogenics, 
Super- 
conductivity 

Steel 
and 
Welding 

Precision 
mechanics 

Totals 

Net  utility 
(MSF) 

2638 

1205 

H71 

300 

182 

U796 

Corrected 
utility* 
(MSF) 

22JJ5 

1025 

uoo 

255 

155 

U080 

Sales 
(MSP) 

537. U 

U72.1 

152.9 

10U.6 

111.9 

1378.9 

Corrected 
uti 1 i ty/sales 
ratio 

U.2 

2.2 

2.6 

2.U 

1.U 

3.0 

Number  of 
firms 

189 

130 

3U 

65 

101 

519 

•  Corrected  utility  equals  85J  of  net  utility,  for  explanation  see  Section  V.2. 


Ttui  nuo  11  bucd  on  dit»  expreiitd  in  conitml  1977  pricei,  which  cxpl.iM  the  difference  to  the  nuo  publiihed 
Refi(3l  and  |4j.  which  wu  bued  on  diti  expreiied  in  current  pricei 
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Tabic  II  gives  a  breakdown,  by  category  of  firm,  of  the  extrapolated  utility  generated  b> 
CERN  in  the  total  family  of  519  high  technology  iuppbers  Figures  4  and  5  show  these  data  in 
graphical  fo  m. 

Utility  by  Industrial  Category 

(Million*  of  Swim  Fmno) 


□  Sal  as  to  CERN 
■  Utility 


£lv*ronlai      Cltctrloml  V*cuuro*Cryog«v  Sl—1 


Figure  4.  Total  sales  and  total  utilities  from  519  high  technology  suppliers,  broken  down 
by  industrial  category. 


How  the  Utility  ib  Shared 


[Electronics,  Computeo  j 


[EUctr icm\  Equipment  | 


Figure  5.  Total  utility  from  519  high  technobgy  suppliers,  showing  the  contribution  by 
industrial  category. 
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The  total  cost  of  CERN  in  1973-82  was  6945  million  Swiss  francs  The  corrected  utility/total 
cost  ratio  is  therefore  0.85  *  4796/6945  *  0.59.  Remembering  that  the  firms  interviewed  have 
tended  to  provide  low  estimates  of  the  probable  actual  utility,  it  may  be  stated  that,  by  1987, 
CERN  purchases  (high  technology  goods  only)  made  in  1973-82  will  have  generated  utility 
amounting  to  at  least  59%  of  the  total  cost  of  CERN  during  the  yars  1973-82. 

V.3  FORECAST  VALUES  AND  ACTUAL  EVOLUTION 

During  the  first  study  most  of  the  firms  interviewed  provided  forecasts  for  the  period  1974-78. 
About  forty  of  these  firms  were  selected  by  the  random  sampling  process  to  be  interviewed  again 
this  time,  and  they  were  questioned  on  the  actual  evolution  of  the  utility  during  the  forecast  penod. 
Out  of  these  firms  thirty-si*  provided  data  which  could  be  compared  to  their  previous  forecasts. 

This  companson  showed  that  many  firms  actually  realized  utJities  which  were  close  to  their 
forecasts,  although  in  several  cases  the  forecasts  proved  to  have  been  too  high  or  too  low.  This  can 
be  explained  by: 

•  turnover  of  tht  firm  different  to  the  forecast, 

•  CERN  effects  coming  earlier  or  later  ihan  expected,  or  not  at  all, 

•  losses  due  to  CHRN  which  could  not  have  been  foreseen, 

•  CURN  influence  on  the  firm  different  to  the  forecast, 

•  person  interviewed  unable  to  remember  everything  that  happened  ten  years  ago. 

Out  of  the  36  firms,  21  had  forecast  utilities  which  turned  out  to  be  too  high,  and  15  forecasts 
which  were  too  low  In  spite  of  these  variations,  the  total  utility  actually  reakzed  was  within  a  few 
percent  of  the  total  utility  forecast.  In  order  to  find  out  whether,  on  average,  this  difference 
between  the  forecast  and  the  realized  utilities  was  statistically  significant,  tests  (t-tcst  and  signed 
rank  test)  for  both  the  differences  of  the  utilities  and  the  differences  of  the  utility, sales  ratios  were 
applied  None  of  these  tests  revealed  a  significant  difference  between  the  forecast  and  the  actually 
realized  utility  values  Wc  have  therefore  no  reason  to  reject  the  hypothesis  that  managers  can,  on 
average,  give  correct  utility  forecasts. 
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APPENDIX  A:  THE  THEORETICAL  CONCEPT 
The  theoretical  concept  of  the  study  described  here  has  to  fulfil  three  requirements: 

•  it  Kl>  to  be  adapted  to  the  level  of  information  which  industrial  managers  arc  willing  to  provide, 

•  managers  must  understand  what  information  is  required,  and 

•  the  concept  must  be  such  that  the  required  information  can  be  provided  at  all. 

The  'surplus'  concept,  as  developed  by  Masse,  Refill],  turns  out  to  be  an  appropriate  basis  for 
this.  The  basic  ideas  of  Masse's  surplus  concept  are  given  below. 

Consider  an  industrial  firm  which,  for  convenience,  produces  only  one  article.  Let  V  be  the 
num!  *  of  units  of  the  article  it  produces  in  year  n.  Let  F|  be  the  number  of  units  of  the  j-th 
production  factor  (manpower,  machinery,  materials,  capital,  cash  resources,  etc.)  which  the  firm 
makes  available  to  produce  the  V  units  of  the  article  in  year  n.  Suppose  that  all  produced  units  are 
sold.  If  P  is  the  unit  price  of  the  article  and  P-  is  the  unit  price  of  factor  F- ,  the  equilibrium 
equation  (output  =  input)  for  year  n  is  given  by  J 

PV-IP.F-.  (1) 

Now,  consider  year  n  +  1.  Denote  by  Fj  +  AFj  the  number  of  units  of  the  production  factors 
made  available  in  year  n  +  1  and  use  corresponding  notations  for  the  other  quantities.  For  year 
n  +  1  the  equilibrium  equation  must  then  be  written  as 

(P  +  AP)(V  +  AV)  =    Z(Pj  +  APj)(Fj  +  AFj) .  (2) 

We  rewrite  the  equation  (2)  in  the  following  way: 

PV  +  PAV  +  AP(V  +  AV)  =    ZP.F.  +    2[P:AF.  +  AP.(F-  +  AF)]  .  (3) 
j  J  ^   ^  ^ 

Comparison  of  equation  (1)  with  equation  (3)  shows  that  the  first  term  on  the  left-hand  side 
and  the  first  term  of  the  right-hand  side  of  equation  (3)  cancel.  Remembering  that  equation  (1) 
describes  the  situation  of  the  firm  in  year  n  and  equation  (3)  in  year  n  +  1,  we  see  that  the  terms  left 
over  in  equation  (3)  describe  the  change  in  the  factors,  the  prices  and  the  produced  units  from  one 
year  to  the  next. 

Tor  proper  economic  intc-pretation,  Masse  rewrites  equation  (3)  to  obtain 
PAV  -  ZP-AFj  —  AP(V  +  AV)  +  2AP.(Fj  +  AFj) .  (4) 

The  terms  on  the  right-hand  side  of  equation  (4)  represent  a  distribution  of  resources.  The 
first,  -,AP(V  +AV),  goes  to  the  customers  as  the  result  of  a  price  change  (to  their  advantage  if  A  P  is 
negative),  the  second,  ZAPj(Fj  + AFj),  is  the  allocation  to  the  different  production  factors.  The 
left-hand  side  must  give,  therefore,  the  gained  resources  to  be  distributed.  Masse  calls  Jie  left-hand 
side  the  firm's  'gained  surplus'  and  the  right-hand  side  the  'distributed  surplus'. 

It  is  clear  that  a  gained  surplus  can  occur  only  if  something  in  the  firm  changes.  For  instance, 
the  firm  may  sell  more  due  to  better  marketing,  to  better  quality,  to  the  introduction  of  «  com- 
pletely new  product,  etc.  It  may  also  have  been  able  to  increase  productivity,  to  obtain  better 
interest  conditions  on  loans,  or  to  improve  its  situation  in  other  ways.  On  the  other  hand,  if  all  the 
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increased  turnover  is  accounted  for  by  increased  production  costs,  both  sides  of  equation  (4)  will 
become  zero  and  there  will  be  no  gained  surplus 

There  must  be  driving  forces  which  cause  these  effects  to  be  positive  One  of  these  driving 
forces  might  be  a  contact  with  a  challenging  customer  sucl  as  CERN  who  asks  a  firm  for  new 
products,  requires  higher  quality,  provides  a  good  marketing  forum,  and  so  on 

In  a  given  year  we  may  therefore  consider  a  firm  in  two  different  situations 

a)  The  firm  has  no  contact  with  CERN. 

b)  The  firm  has  contact  with  CERN. 

Using  Massc's  concept  we  can  then  define  a  surplus  gamed  by  the  firm  and  a  corresponding 
distnbuted  surplus  by  comparing  situation  (a)  with  situation  (b)  in  the  same  way  as  we  did  in 
equation  (4)  for  the  situation  of  the  firm  in  two  different  years  If  we  observe  a  gained  surplus  we 
can  say  that  this  surplus  was  caused  by  CERN. 

It  may  be  very  difficult,  if  not  impossible,  during  the  limited  time  of  an  interview  for  an 
industrial  manager  to  provide  information  on  CERN's  influence  on  each  different  production  factor 
and  its  unit  pnec.  He  may,  for  example,  be  able  to  estimate  the  hypothetical  development  cf  only 
a  few  of  the  production  factors  (Of  course  not  all  production  factors  are  influenced  by  CERN. 
For  instance,  CERN  has  practically  no  influence  on  the  capital  cost  (interest)  of  a  firm).  It  was 
therefore  decided  to  ask  industrial  managers  to  quantify  only  two  elements  contributing  to  the 
gained  surplus,  namely  the  sales  increase  and  the  cost  savings  due  to  CERN  In  any  ease,  these  arc 
the  dominant  elements  and  seem  to  be  the  ones  which  industrial  managers  can  quantify  with  a  rea- 
sonable effort.  It  is  therefore  necessary  to  replace  the  second  term  of  the  left-hand  side  of  equa- 
tion (4)  by  two  terms,  so  that  this  becomes 

PAV-2PAF    -    2P_AF   =-AP(V  +  AV)  +  2AP;(F- +  AF-)  .  (5) 
p  p    P        c  j  1 

where,  on  the  left-hand  side,  the  second  term  rcp.eicnts  the  change  in  production  costs  necessary  to 
achieve  the  increased  turnover,  and  the  third  term  represents  the  cost  savings  due  to  CERN. 

Managers  were  asked  to  estimate  the  first  and  third  terms,  but  were  only  occasionally  able  to 
provide  information  concerning  the  second  In  order  to  express  the  fact  that  in  this  case  we  are  not 
quantifying  all  parts  of  the  gamed  surplus  due  to  CERN,  we  cad  the  sum  of  sales  increases  and  rost 
savings  due  to  CERN  the  utility  U  defined  by 

U  =  PAV  -  2PCAFC  •  (6) 
c 

In  order  to  quantify  the  utiJity  caused  by  CERN,  a  mathematical  model  was  developed  This 
is  described  in  Appendix  B 
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APPENDIX  B:  THE  QUANTIFICATION  FORMULA. 

In  order  to  provide  a  general  formula  which  allows  the  quantification  of  the  utility  due  to 
CERN,  we  denote  the  utility  arising  from  increased  turnover  as  Us  and  the  utility  from  cost  sav- 
ings as  Uc.  We  then  rewrite  equation  (6)  as 

U  =  PAV-  2PcAFc  =  Us  +  Uc.  (7) 
c 


In  order  to  arrive  at  a  simple  quantification  formula  for  Us  and  Uc  ,  we  need  a  simple  model  of 
the  mechanism  of  utility  creation. 

Taking  a  simplified  view  of  the  mechanisms  which  determine  the  success  or  failure  of  a  firm, 
we  assume  that  there  are  certain  basic  activities,  such  as  launching  new  products,  marketing, 
research  and  development,  management  procedures,  manufacturing  techniques,  quality  control, 
pricing,  etc.  The  efforts  devoted  to  these  different  activities,  which  we  shall  call  "Economic  Success 
Activities*,  bring  about  the  economic  results  of  the  firm.  Managers  usually  know  the  relative  effect 
(not  necessarily  'ji  money  terms)  which  each  activity  has  on  turnover,  production  costs,  etc. 

He  may  say,  for  instance,  that  15%  of  the  firm's  turnover  ^  is  due  to  their  marketing  activi- 
ties. We  then  call  the  value  0.15  the  marketing  success  factor  for  turnover.  Such  factors,  by  which 
we  multiply  the  total  turnover  to  obtain  that  part  of  the  turnover  caused  by  the  corresponding  suc- 
cess activities,  we  call  "Economic  Success  Factors  for  Turnover*.  It  is  clear  that  the  sum  of  all 
possible  economic  success  factors  for  turnover  must  be  1,  since  all  the  success  activities  together 
cause  the  total  turnover  rv^. 

In  the  same  way,  we  define  "Economic  Success  Factors  for  Cost  Savings*,  which  give  the  rela- 
tive effects  on  cost  savings  Mc.  Once  aga^>  the  sum  of  these  factors  must  equal  1. 

We  denote  the  economic  success  factors  by  and  E^.  The  first  index  a  indicates  the 
success  activity,  while  the  second  indicates  sales  s  or  cost  savings  c. 

Using  the  economic  success  factors,  we  can  quantify  the  ;  ^rts  of  the  total  turnover  Mf  and 
the  cost  savings  Mc  which  are  due  to  the  corresponding  economic  success  activities  In  order  to 
quantify  the  utilities  Us  and  U£  due  to  CERN.  managers  have  to  quantify  the  influence  that 
CERN  has  had  on  the  different  success  activities  of  the  firm.  Here  a  manager  has  to  compare  the 
two  different  situations  mentioned  in  Appendix  A.  (a)  the  firm  in  contact  with  CERN  (real  situ- 
ation), and  (b)  the  firm  not  in  contact  with  CERN  (hypothetical  situation).  If,  for  instance,  a 
manager  finds  that  CfcRN's  contribution  to  launching  new  products  was  30%.  and  if  E  is  the 
new  product  success  factor  for  turnover,  then  the  product  0  3#Ens*Mt  gives  the  firm's  turnover 
caused  by  CERN  resulting  from  new  products,  and  represents  a  sales  utility  due  to  CERN.  We 
call  the  factor  0.3  the  CERN  influence  factor  on  the  new  product  success  activity  for  turnover. 
Such  factors,  by  which  we  multiply  the  corresponding  economic  success  factor  to  obtain  CERN's 
contribution  to  the  corresponding  success  activity,  will  be  called  the  'CERN  Influence  Factors  on  a 
Success  Activity*.  Unlike  the  Economic  Success  Factors,  the  sum  of  which  must  equal  1,  the 
CERN  Influence  Factors  can  take  any  value  between  0  and  1.  If  all  CERN  influence  factors  are 
zero,  CERN  has  no  positive  effect  on  the  firm  and  there  is  no  positive  utility.  We  denote  the 
CERN  influence  factors  by  C^  and  Cac  ,  where  the  indices  are  the  same  as  those  used  for  the 
success  factors 

The  quantification  equations  for  Us  and  Uc  therefore  become: 
U$  =  (CE)S-M,.  (8) 
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U£=  (CE)C'MC, 


with 


(CE)S 


•E. 


'as  ■ 


(10) 


'as 


(CE)C 


'ac  ' 


(id 


ac 


a 


where  the  index  a  on  the  right-hand  side  of  equations  (10)  and  (1 1)  covers  all  economic  success 
activities. 

Some  corrections  have  still  to  be  made  to  equations  (8)  and  (9)  so  that  they  apply  to  all  cases. 
In  equation  (8)  we  have  to  take  into  account  the  fact  that  CERN  usually  influences  only  part  of  a 
firm.  To  ;Uustrate  this,  consider  a  firm  making  transformers,  electric  motors  and  household  appli- 
ances. Suppose  that  this  firm  has  made  electromagnets  for  CERN,  and  that  this  has  subsequently 
led  to  improvements  in  the  manufacture  of  their  transformers  and  motors,  but  that  there  was  no 
CERN  influence  on  the  household  appliance  business.  The  total  turnover  Mt  of  the  firm  in  equa- 
tion (8)  must  therefore  be  multiplied  by  a  factor  Ct  <  1,  which  gives  the  fraction  of  total  turnover 
in  transformers  and  motors,  influenced  by  CERN.  We  call  Ct*  Mt  the  'CERN  Relevant  Turn- 
over' and  Ct  the  'CERN  Relevant  Factor'  of  the  total  turnover.  Since  the  CERN  relevant  turn- 
over still  includes  sales  to  CERN  M$ ,  we  have  to  subtract  Ms  from  the  CERN  relevant  turnover, 
since  direct  sales  to  CERN  arc  not  sales  increases  due  to  CERN's  influence  on  the  firm's  economic 
success  activities, 

In  addition,  the  resources  used  to  produce  the  items  sold  to  CERN  could  have  been  employed 
for  other  customers.  We  call  these  sales  which  would  ha,c  been  made  elsewhere  'Opportunity 
Cost'  M  ,  and  this  must  also  be  subtracted  from  the  sales  utility  given  by  equation  (8). 

Taking  these  points  into  consideration,  the  sales  utility  ia  given  by 


Equation  (9)  must  be  expanded  to  take  account  of  any  investment  costs  which  were  necessary 
in  order  to  produce  the  cost  savings,  and  we  obtain 

Uc«  (CE)C*MC-Mj.  (13) 
Combining  equations  (12)  and  (13)  and  taking  into  account  an>  losses  Mj  which  may  have 
occurred  due  to  CERN  gives  the  final  quantification  equation 


uludi,  together  with  equations  (10)  and  (11),  is  the  basis  for  the  quantification  of  the  utility  due  to 
v  RN  When  applying  equation  (14),  wc  have  to  take  into  account  the  fact  that,  in  principle,  all 
quantities  arc  time -dependent.  Therefore,  the  utility  is  calculated  on  a  ycar-byycar  basis,  and  is 
later  expressed  in  fixed  pnecs  referring  to  a  reference  year,  so  that  the  utilities  of  different  years  can 
be  added  to  give  the  total  utility  of  a  firm. 


U5=  (CE)s(Ct-Mt-Ms)-M0. 


(12) 


U  =  (CE)s(Ct*  MfMs)-M0  +  (CE)C-  Mc-  Mt  -  M, , 


(14) 
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HISTORY 

May  2962     Th*  Same*  Council  of  Japan  adnaad  tha  goram 

mtnt  »  construction  of  Urgs  acctlarator 
Apr  1964     A  baax  study  for  th*  accalsrator  btgan, 
Aug.  1969     Th.  Same*  Coundl  of  MONBUSHO  (Ministry  of 
Education,  Sdaoo*  tad  Culturt)  adriesd  tht 
Mirustw  to  astabhah  «n  Inrttutt  of  Btmsnury 
Parties*. 

Apr  1971      National  laboratory  for  High  Enargy  Physics 
(KEK)  was  MUblahad  as  th*  first  Inttruiutamiy 

RtaMTCb  Imtfeutt 

Mar  1976     Proton  acctkrattd  to  8  G«V  as  d«ngnad 

Dac  1976     Accalaration  to  12  GaV  achkrtd 

May  1977     High  tnargy  physics  rtaaarth  at  KEK  bagaa, 

Apr  1978     Constzvcooot  of  tht  Photon  Factory  and  tht 

Booatar  SyachrotTOO  Utilisation  Facility  appror- 

*d. 

Jul  1900     Tht  ooOaboratht  rwttrcbtt  using  th*  Booatar 

Synchro  "loo  Utihxation  Fatibiy  baoan 
Apr  1981.    Tht  TRISTAN  projtct  approwL 
Mar.  1982     Tht  Fhotoo  Factory  was  complttad 
Jun  1983     Th*  edbborath*  raaaarcbaa  using  Synchrotron 
^dUttoa  btgan. 

Hot  1983     Qtctrons  acotlsratad  to  4  GaV  at  TRISTAN  Ao 
cumulation  Ring. 


OBJECTIVES  OF  THE  LABORATORY 

KEK  was  astabbsbad  for  aspartate u]  rtstarchts  in  th*  al*m*nta- 
ty  ptrudt  phrwa  and  otbar  rtlatad  studitt.  It  a  an  inttr  uniwsity 
rtaaarch  taatiTut*  diracth*  undar  tht  MONBUSHO  Its  principal 
acosltrators  art  12  GaV  proton  synchrotron,  2  5  GaV  alactron  ao- 
calarator  and  30  GaV  tWctron-porftrcn  coUtdar  (TRISTAN)  In 
addition  to  high  aoargy  phyMo,  txtansim  studias  of  malarial  and 
Kft  sdasao*  art  axtcutad  with  tb*a*  accalaraton. 

GOVERNING  STRUCTURE  OF  THE  LABORATORY 

Tht  Board  of  Councilors,  tht  Advisory  Council  for  Scientific 
Policy  and  Managtnwnt  (PS  &  TRISTAN)  and  tht  Advisory  Council 
for  Photon  Factory  adviaa  tha  Dsrsctor  Ctntral  on  matttrs  rtlatad 
tht  admininrstion  and  sdtntific  program  of  tht  Uboratory 
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HIGH  ENERGY  PHYSICS 

To  txamina  crystals  and  moltculee,  on*  must  us*  shorter  war* 
length  light  (X-rsys  and  high  energy  photon)  instead  of  nuble  tight 
To  study  more  beaie  structurt^lerntntary  parades,  penkiea  with 
high  muff  m  nttdttl  Hryssdatj  study  taction  sated  decay  0/  tht 
particles  by  colliding  Ugh  energy  pvtidat.  Tht  got)  of  high  tntrgy 
phytic*  as in  understanding  tht  ttnacttr*  of  tht  elementary  ptrtidtt, 
tht  laws  which  gorerm  thtra  and.  ritamatary,  tht  fundamtntal 
principle  of  tht  Debar* 

MEANING  OF  THE  HIGH  ENERGY  RESEARCH 

Man  ha*  bttn  starching  for  an  antwtr  to  tht  riddle  of  tht  naturt 
sine*  Grttk  era.  Tht  quest  of  "tht  ongin  of  tht  matter"  waa 
pursued  through  aQ  tht  aga*.  Along  with  its  conceptual  dtvtlop- 
mtnt,  ntw  ttchnology  and  rtaaarch  fiaid  hart  bttn  optntd  Basic 
rttearch  has  contributad  to  tht  furthtranot  of  tht  crnlisation. 

Japan  ha*  mad*  many  brilliant  coctnbutioca  in  tht  prograaa  of 
tht  thtoraocai  phytica  to  data  Now  tht  high  tntrgy  acctlarator  in 
Japan  is  expected  to  play  an  tapcrttnt  rot*  fa)  tht  experimental 
study  of  tht  partfclt  physics  and  intarnational  collaboration  in  this 
fkld. 

Tht  tfftct  of  baring  this  high  tntrgy  acctlarator  tztanda  btycod 
tht  study  of  elementary  particlas  Tht  acctlarator  and  tht  ttchnolo- 
gy aaaodatad  with  it  will,  as  sttn  b  tht  cast  of  tht  Boosttr 
Synchrotron  Utilisation  Facihty  and  tht  Photon  Factory,  extend  ita 
spinoffs  to  bade  and  applied  reetarchee  in  wide  ranges  of  studies  in 
physics,  chtmstry.  biology,  engineering  and  ttchriology.agriculturt. 
tic 


HIGH  ENERGY  ACCELERATORS  AND  EXPERIMENTAL  APPA 
RATVS  ustd  fa)  tht  high  tntrgy  physics  rt  it  arch  art  tht  crystallisa- 
tion of  advanced  science  and  ttchnology  Its  largtntat  in  teak  and 
rtfintdntat  in  naturt  makt  a  heavy  dtnund,  and  n  turn  a  strong 
encouragement,  on  t  development  of  ntw  ttchnology,  Thus 
contributing  to  tht  advancement  of  industnal  arts  of  all  kind: 
□tctronics,  computar.  high  vacuum,  tltctric.  machinary,  and 
materials,  naming  t  ftw. 
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PHOTON  FACTORY 

Synchrotron  Radiation 

A  high-energy  tltctron  traversing  a  circular  orbit  un<Wr  high 
magnetic  Ha  Id  tmits  an  ir.tsnst  radiation.  This  is  called  synchrotron 
radiation,  and  its  aptctrum  constitutas  a  smooth  continuum 
txttndtd  from  red  j-wttm  *o  X-rays.  It  is  unrivalled  light  sourct  in 
txtrtmt  ultranoltt  and  X-raya  whet*  laaars  an  not  ytt  practically 
arailablt,  and  it  it  txptctsd  to  gtvt  a  profound  tfftct  on  many 
ditdphnea  of  sdanot  and  ttchnology  in  which  tht  ust  of  short  wavt 
bght  is  of  crucial  Importanot 

Eltctron  Acctlarator  as  Synchrotron  Radiation  Sourct 

.Tht  construction  of  tht  tltctron  acctltraton  of  tht  Photon 
Factory  start td  in  1978  and  was  completed  in  March  1982  on  tht 
schtdult  Tht  acctUrator  consists  of  an  tltctron  linac  and  a  storagt 
nng.  Dtctrons  art  acctltrattd  to  2  5  GtV  by  tht  tltctron  linac  and 
injected  into  tht  storagt  ring  Dtctrons  strut  synchrotron  radiation 
tangtntially  all  along  tht  circular  orbit  whilt  trartrsing  gaps  of 
banding  msgntts  Energy  lost  by  emitting  radiation  u  soon 
recovered  from  tht  RF  powtr  ftd  into  tht  resonant  caw&e*.  Tht 
tltctron  btam  accordingly  stays  rnthic  tht  ultrahigh  vacuum  path 
and  keeps  emitting  over  a  long  timt 

Rttearch  ActMots  with  Synchrotron  Radiation 

Rtstarch  programs  ovtr  a  variety  of  fitlds  m  mattnals  soanct 
and  lift  sot  net  art  bting  camtd  out  by  restarchcrs  from  univtrsi 
ties,  national  laboratories,  and  privets  industries  Tht  rang*  of 
daopbnes  extends  from  the  fundamental  rtstarch  in  physics,  in 
which  structural  and  pro  partus  of  matttr  from  atoms  to  prottin 
crystals  art  studitd,  to  industrial  applications  such  as  microanalysis, 
rtal  timt  obstrvaoont  of  dtftcts  in  mattnals.  developments  of 
catalysts,  lithographic  production  and  studies  of  VLSI,  or  medical 
and  physiological  appbcsQons  such  as  rtal  timt  observations  of 
structures  in  bving  organism  Ike  muscles,  for  instance,  and 
diagnosis  of  cancan  and  heart  dtseas*s.and  many  others 


BOOSTER  SYNCHROTRON  UTILIZATION  FACILITY 

Tht  boosttr  synchrotron,  tht  injector  to  12  GtV  PS,  accelerates 
protons  to  500  MtV,  20  tiroes  par  second  Thrtt  quarters  of  $00 
MaV  protons  art  supplied  to  tht  Boosttr  Synchrotron  Utilisation 
Facility  In  addition  to  tht  rtstarch  as  in  neutron  physics  and  solid 
stats  study,  these  protons  will  be  used  for  diagnosis  and  treatment 
of  canctr  Tht  facility  it  opening  a  ntw  horizon  in  tht  rtaaarch  of 
solid  stats  and  nudtar  structurt,  with  fie  high  Intensity  pulsed  (SO 
netc )  beams. 

1)  Solid  Suta  Rttearch  Using  Neutrons 

Tht  facility  for  neutron  scattering  (KENS)  opened  its  operation 
in  June  1980  Her*  tht  thermal,  epithermel  and  cold  neutrons  are 
produced  from  metal  spallation  target  Tht  studies  art  centered 
around  on  tnt  structurt  of  matte;  in  non-equilibrium  state,  tht 
magnetic  momentum  of  materials,  and  tht  structures  of  organisms 
and  macro-molecules 

2)  Atomic  Nuclei  and  Solid  State  Researches  Using  Pi-meson  and 
Muons 

Mason  Science  Laboratory  (BOOM -a  branch  of  University  of 
Tokyo)  started  its  operation  in  July  1980.  Pi-meson*  from 
Beryllium,  decay  in  flight  through  tht  superconducting  jotenoad, 
and  become  an  intense  rauon  btam  Tht  study  of  solid  state  by 
muon  spin  rt  so  rune*  is  internationally  acclaimed  for  its  uniqueness 

3)  Application  for  Mt&xine  and  Biology 

Pamela  Radiation  Medical  Research  Center  (a  branch  of  Univer- 
sity of  Tsukuba)  started  in  1980  The  center  is  being  used  for 
diagnosis  and  treatment  of  cancer  with  protons  and  neutrons  from 
tht  facility 
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TRISTAN  PROJECT 

The  TRISTAN  (Trenapoeafcla  Ring  Intersecting  STarage  AoceWr- 
«ton  fan  Mappon)  comfleai  is  wader  construe©""'  .  o  the  northern 
heU  o/  the  KEK  At  The  tccelamcr  with  3  kflo-fneur»  in  nrcum 
fwwK*  b  (or  eeectroevpoaiej'oo  oottding  experiments. 

TRISTAN  k  deaapted  to  ■ooahrue;  electrons  and  pod  ton*  to  SO 
GeV,  tod  to  wb  them  collide  head-on  to  Mch  other  Contrary  to 
the  ren  nation  at  method  of  striking  nationally  urget  with  a 
proJect£a,  «bn  •  major  part  of  tha  beam  margy  b  consumed  in 
moving  tha  combined  mem  forward,  thh  n«w  colliding  beam 
method  anahfcaa  ue  to  use  entire  baaro  eoargy  ftr  'ha  raaction  With 
tha  total  energy  of  60  GeV,  which  k  roleaasd  tai  tha  port  form  of 
dectro-megnotk  anarfy  whan  they  collide  and  annihilate,  many 
new  exciting  phenomena  outlinad  balow  can  bt  studwd 

TRISTAN  require*  many  innorationa  m  the  technology  such  aa  a 
auparooaductmt  magrwt,  a  superconducting  radio  frtquancy  canty 
and  tha  aupar  high  vacuum,  Thk  accelerator  project  will  bring  out  I 
dramatic  prog/em  m  technology  brood  what  wa  Kara  now 


PRINCIPAL  ACCELERATORS  IN  THE  WORLD 


Mil 

<oT7J 

ttvatoom 

fa 

1000*  1900 

1*44 

MMUkMnhria* 
■■■mt^  an  oak> 

TftttTAN 

ta  >  so 

IM4 

art 

na 

IM 

IV 

to*  ta 

taaa 

OMpuq 

w 

ate 

Hi  ii 
Mi  ta 

its* 

m» 

•fMbMMtoarn 

fCTKA 

»■» 

im 

SSKXA 

.'a 

Mi  »00 

ma 

taaMtanaiwr 

rN*w(W«n.ai7»»rtn 

mm 

looOiMoa 

(l)TfttSTANMai 
(»T«t»TAJtt»| 

(»  Tatar  Ait  *n 

WntUTANKil 
(t)THJJTAJ*  Ki| 
<*>  12  0«V  »M*. 
(T)ltO>VUMAC 
(l)HOtV- 

(10}  200  M*V  Kqt  laM»*r  Ommi  tWAC 


WHAT  IS  EXPECTED  IN  TRISTAN 

1)  A  natch  for  heavy  leptoos.  Existence  of  audi  wpton  wiD  infar 
7th  and  8th  fUvor  of  quarks. 

2)  Studiat  oa  tha  top  quark  (tha  6th  quark)  and  topponium 

3)  Experimental  atudy  of  QCD.  "j«t"  phanomaoon  (emission  of 
bundle*  of  hadrona),  produoad  by  colliding  poaitron  and  eko 
iron,  can  ba  etudiad  to  undantaad  tha  atroog  interaction. 

4)  tnrestigation  on  tha  interne]  structure  of  Wptone,  which  teats 
tha  vahdity  of  tha  eunderd  theory. 

)  Search  fir  tha  Hsgge  partida  which  may  explain  the  broken 
symmetry  hi  the  elemeetary  particle  proceaaea. 
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THE  DETECTORS  AT  TRISTAN 

When  in  alectroa  and  poaiuvr.  coHde, 
they  sometimes  ennihflia  and  becomes 
pure  state  of  energy  Thk.  in  turn.  wiQ 
become  a  large  number  of  particles  fly- 
ing awiy  from  interactirn  point.  The 
apparatus  which  detect  ties*  pexudet  k 
very  pradse,  complex  and  Urge,  aome- 
dmas  weighing  aa  much  as  ^500  tons. 
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1.    GENERAL  INTRODUCTION 

National  Laboratory  for  High  Energy  Physics  (  KEK  )  was  established  on  April  1, 
1971,  as  a  national  center  of  high  energy  physics  open  to  users  fret,  universi- 
ties and  orhcr  institutions.    KEK  is  the  first  institute  of  eleven  so  called 
"Inter-University  Research  Institutes",  which  is  a  new  type  of  institute  es- 
tablished and  supervised  by  MONBUSHO  (  Ministry  of  Education,  Science  and  Cul- 
ture ).    KEK  is  located  at  the  northern  boundary  of  Tsukuba  Science  City,  in 
which  about  AO  research  laboratories  and  two  universities  have  been  established, 
and  the  are*  of  KEK  site  is  205  ha. 

KEK  constructed  a  12  CeV  proton  synchrotron  as  the  first  major  facility, 
which  was  completed  in  1976  and  has  been  used  for  physics  experiments  for  these 
six  years.    For  the  construction  a  capital  budget  of  13  BY  (  billion  yen  )  was 
allocated  for  five  years  starting  it.  1971  and  about  300  staff  members  partici- 
pated.   The  proton  synchrotron  played  an  important  role  to  raise  the  level  of 
hx^h  energy  physics  experiments  in  Japan  and  eventually  has  become  a  milestone 
to  the  next  step  of  high  energy  physics  pr^ram  or  KEK,  i.e.,  TRISTAN.  The 
TRISTAN,  a  30  OcV  electron-positron  colliding  beam  accelerator,  was  approved  by 
the  Government  and  the  ground  breaking  took  place  in  November  1981.    The  con- 
struction of  TRISTAN  is  well  along  the  schedule  and  we  expect  colliding  beam 
experiments  in  the  tall  1986.    The  TRISTAN  c  e~  collider  is  open  to  the  inter- 
national community  of  high  energy  physicists  and  international  participation  in 
its  experimental  program  are  expected. 

Now,  with  ten  years*  of  history  with  us,  KEK  h*s  *  new  aspect  of  research 
activities  in  addition  to  research  into  the  fundamental  nature  of  elementary 
particles.     In  1978,  two  new  facilities  were  established,  i.e.,  the  Photon 
Factory  (PF)  and  the  Boostcr(Synchrotrou)  Utilization  Facility  (BUF)  in  order 
to  cover  various  fields  of  experimental  studies  with  the  use  cl  high  energy  ac- 
celerators.   BUF  activities,  which  makes  use  of  the  beam  fr^m  500  heV  booster  of 
the  proton  synchrotron,  includes  studies  on  neutron  diffraction,  pion  and  muoc 
physics  and  cancer  therapy.    The  Photon  Factory  is  for  research  with  synchrotron 
radiations.     A  complex  of  2.5  CeV  electron  linac  and  a  storage  ring  was  con- 
structed as  the  second  major  facility  of  KEK  for  four  years  starting  in  i978 
with  a  construction  budget  ot  21  BY. 

In  FY  1983  the  total  annual  budget  of  KEK  is  about  30  BY  and  the  total 
number  ol  statfs  is  480  including  40  part-time  secretaries. 

In  addition  to  be  a  national  center,  KEK  is  playing  an  important  role  in 
international  cooperations.    KEK  has  made  two  modes  of  international 
cooperations:  (1)  exchange  of  scientists  anc  (2)  cooperative  projects  with 
participation  of  university  groups.    The  most  of  exchange  program  of  scientists 
have  been  executed  under  the  sponsorship  of  MONBUSHO  and  JSPS  (Japan  Society 
for  the  Promotion  of  Science).    Making  use  of  these  two  programs,  KEK  invited  a 
number  uf  scientists  from  USA  and  Western  Europe  from  the  very  beginning  of  the 
history  of  KEK.    They  stayed  three  months  or  longer  at  KEK  and  made  joint 
efforts  in  construction,  physics  experiments  cud  R&D  work.    The  number  of 
visiting  scientists  on  rhese  programs  is  20  in  average  every  yoar.  Besides 
them,  the  number  of  scientists  participating  in  physics  experiments  with 
support  of  their  own  institutions  is  gradually  increasing  and  now  15  20  fore'.gu 
scientists  stay  and  work  at  KEK  in  this  categoly.    On  the  other  hand,  the 
number  of  KEK  sciencists  who  participated  research  activities  at  foreign 
laboratories  is  about  30  every  year  including  short  visits  for  workshops  or 
seminars. 

KEK  is  ,wso  a  key  laboratory  for  many  cooperative  programs  between 
university  groups  in  Japan  and  foreign  institutions.    Most  of  them  are  Deing 
executed  under  a  certain  formal  arrangements  or  memorandum  between  both 
Governments  or  institution*.     In  most  of  these  cooperations,  KEK  is  responsible 
for  funding  or  ccodination  of  these  programs. 
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2.  ORGANIZATION 

The  organization  of  KEK  is  shown  in  Fig. I.     It  has  two  covering  structures 
appointed  by  the  Minister  of  MONBUSHO. 

Board  of  Councilors  (Table  1)  is  an  advisory  council  for  the  laboratory 
director  and* consists  of  fifteen  members,  who  are  presidents  of  universities, 
directors  of  other  institutes  in  this  field  and  eminent  scholars.    The  Board  of 
Councilors  to  the  director  with  respect  to  the  policy  of  KEK  and  also  nominates 
the  director  of  KEK. 

Advisory  Council  for  Scientific  Policy  and  Management  (Table  2)  is  for  dis- 
cussing the  scientific  policy  and  management  of  KEK.    It  consists  of  twenty-one 
scientists,  who  are  formally  appointed  by  the  Minister  of  MONBUSHO  under  the 
recommendation  of  the  director.    Half  of  the  members  are  scientific  staffs  of 
KEK  and  the  other  half  are  elected  from  the  user's  group.    The  Council  summa- 
rizes and  represents  opinions  of  high  energy  physicists  with  respect  to  the 
scientific  program  and  management  of  KEK,  and  also  gives  recommendations  to  the 
director  on  employment  and  promotion  of  scientific  staffs  of  KEK. 

Now  that  research  activities  at  KEK  has  involved  experiments  at  Photon 
Factory  which  are  entirely  different  from  high  energy  physics  experiments v  Ad- 
visory Council  for  the  Photon  Factory  (Table  3)  was  established  to  discuss 
scientific  programs  and  management  of  the  Photon  Factory  and  Advisory  Council 
for  Scientific  Policy  and  Management  is  responsible  for  high  energy  physics 
programs  and  the  common  part  of  the  Laboratory. 

Both  of  these  Advisory  Councils  have  their  own  Program  Advisory  Committees 
Co  examine  experimental  proposals  with  respect  to  their  scientific  aspects  and 
technical  feasibilities. 


Table  1 


Board  of  Councilors 


(  *:  Chairman 


**:  Vice-Chairman  ) 


**KITAGAKI,  Toshio 
KUBO,  Ryogo 
MAKI,  Ziro 


*MUKAIB0,  Takashi 
NAKAJIMA,  Sadao 


E BASH I ,  Setsuro 


ESAKI,  Leo 
FUKUI,  Ken'ichi 


KINOSITA,  Koreo 


MIYAKE,  Saburo 


NISHIJIMA,  Kazuhiko 
SUVA,  Shigeki 
T5UCHIDA,  Naoshige 


YAMAKURA,  Yuichi 


YAMAGUCHI »  Yoshio 


(Professor,  Institute  for  Physiological 
Sciences) 

(Director,  IBM  Research  Center) 
(President,  Kyoto  University  of  Industrial 

Arts  and  Textile  Fibers) 
(President,  Gakushuin  University) 
(Professor,  Tohoku  University,  Physics) 
(Professor,  Keio  University,  Physics) 
(Director,  Research  Institute  for 

Fundamental  Physics,  Kyoto  University, 

Physics) 

(Director,  Cosmic  Ray  Laboratory,  University 
of  Tokyo,  Physics) 

(Professor  Emeritus,  University  of  Tokyo) 
(Director,  The  Institute  for  Solid  State 

Physics,  University  of  Tokyo,  Physics) 
(Professor,  Lniversity  of  Tokyo,  Physics) 
(Protestor,  University  of  Tcukuba,  Physics) 
(Director-General,  National  Museum  of 

Japanese  History) 

(Director,  Institute  for  Nuclear  Study, 
University  of  Tokyo) 

(President,  Osada  University,  Medical* 
Science) 
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Table  2     Advisory  Council  for  Scientific  Policy  and  Management 


(  Chairman 

**  i  Vice— chairman) 

rujn,  lacao 

UTPARAVAQUT      H  i  mmi 

n  l  RftDfl  I  Aon  i ,  turoQi 

(K.F.Y     Fyn^rlm^nta  1  Planning  &  Proeram 

rAArHlnnffnn i  i 

V/UULUXIIaLXUIl/  ■ 

nUKlKUonl,    uvll    AC  111 

(KEK     TRT^TAN  Protect^ 

TQUTVAUA  Vnph<Vo7ii 

ionifo\wA»  xosniicazu 

(Tohotii   lln 4  uprci  1* 

V  1  UIIUAU     If  II A  VC  L  a  A  L.  J  / 

natle.  i .  lonru 

v cvcn  ,  Accelerator  i/epor  toeiii; 

KAiu*  oaaayuKi 

( TKC      I  In  1  irorc  <fu   of  Tnkun^ 

V iro *   un Ave r s> a cy  ui  lOKyoy 

V  »  THU     ^  „  _ .  _  t,  ^ 

PwAiuti,  jCazuakl 

v,mlk,  eng.   K£S»  ana  oca*  support  uep.j 

MnUKA,  lOsniiaKa 

V.KLK,    lKIblATi  rrOjeCw 

Iff)  1  TUA        V..  -T^ 

NUJirift,  luzo 

(  WV      Frio      Dae       rtrtA    Q  f  i       ^imnnrr    Flpn  ^ 

eng.  xves*  ana  oca.  support  isep.j 

fiftbUKAWA,  losniniae 

(Research  Institute  for  Fundamental 

Physics,  Kyoto  University) 

MIYAKE,  Kozo 

(Kyoto  University) 

MORI,  Shigeki 

(University  of  Tsukuba) 

NAGASHIMA,  Yorikiyo 

(Osaka  University) 

NAMIKI,  Mikio 

(Waseda  University) 

NIU,  Kiyoshi 

(Nagoya  University) 

02AKI.  Satoshi 

(KEK,  TRISTAN  Project) 

QtlfAUADA       U 4          a t»« 

suoawaka,  nirotaica 

(KEK,  Physics  Department) 

lArLAriAbn i ,  hiaecniKa 

IKxK,  eng.  Res .  ana  bci .  support  uep • ) 

TAKAHA9HT  VTicuVo 

V.ISX1S.  ,     IKlOlAN   riOj  eCC^ 

iaui,  Konsuke 

(University  of  Tsukuba) 

VAMAQAIfT  T^> 
lAflAbAM,  lOSniQltSU 

(University  of  Tokyo) 

Table  3 

ill-  T»U 

Advisory  Council  for  Photon  Factory 

Q    .  Chairman 

****  ■  v  ice— inairmanj 

Alf  TMHTn       C  linn.  <  t-  -i 

(Institute  for  Solid  State  Physics, 

University  of  Tokyo) 

AxiiA/ .  nasami 

(KEK-PF,  Instrumentation  Department) 

AaAm,  Akira 

^KfcK-rr ,  injector  Llnac  Department; 

nlitlb.  Kazuo 

(KEK-PF,  Light  Source  Department) 

iiiaka,  xoicni 

(University  of  Tokyo) 

lnUKUt.nl,  niroo 

(institute  for  Molecular  Science) 

ibnil,  TnKcniko 

(Institute  for  Solid  State  Physics, 

University  of  Tokyo) 

iiu,  Takasni 

(University  of  Tokyo) 

norio 

(Nagoya  University) 

KIHARA.  Motohiro 

(KEK-PF,  Light  Source  Department) 

KURODA.  Haruo 

(University  of  Tokyo) 

MITSUI,  Toshio 

(Osaka  University) 

NAMIOKA.  Takeshi 

(Res.  Inst,  for  Sci.  Measurements, 

Tohoku  University) 

SAGAWA,  Takashi 

(Tohoku  University) 

SATO,  Isamu 

(KEK-PF,  Injector  Linac  Department) 

SHIBATA.  Shinkichi 

(KEK-PF,  Light  Source  Department) 

TANAKA,  Jiro 

(KEK-PF,  Injector  Linac  Department  ) 

TOKONAMI,  Masayasu 

(University  of  Tokyo) 

YAMAKAWA.  Tatsuya 

(KEK-PF.  Light  Source  Department) 
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Table 


Parameters  of  12  GeV  Proton  Synchrotron 


Main  Ring    Construction  started 
First  bean  obtained 

Max  1  raw  energy 
Injection  energy 
Maximum  beam  intensity 
Repetition  rate 
Ring  diameter 
Injector 
Focusing  type 
Focusing  order 
Betatron  frequency 
Bending  field 
Number  of  rf  cavities 
Harmonic  number 
RF  range 

Booster       (  Also  used  for  the  Booster 
Construction  started 
First  beam  obtained 
Maximum  energy 
Maximum  beam  intensity 
Repetition  rate 
Ring  diameter 
Focusing  type 
Focusing  order 
Betatron  frequency 
Bending  field 

linac         Construction  started 
First  beam  obtained 
Kaxinum  energy 
Injection  energy 
Haximum  beam  current 
Ion  source 
Injector 
Total  length 
Number  of  tanks 
Repetition  rate 
Rf  frequency 


April  1971 

March  1976  (8  GeV) 

December  1976  (12  GeV) 

12  GeV 

500  MeV 

4.4  x  10u  protons  per  pulse 
<v   0.5  Hz 
108  m 

20  MeV  linac  ♦  500  MeV  Booster 

AG,  Separated 

F000 

vh  ■  7.1 ,  vy  ■  6.2 

0.15  T  (injection),  1.75  (maximum) 

4 

9 

6.02  %  7.93  MHz 

Synchrotron  Utilization  Facility  ) 
April  1971 
December  1974 
500  MeV 

*  x  10M  protons  per  pulse 
20  Hz 
12  m 

AG,  Combined 
F0F0 

vu  *  2.2,  vu  *  2.3 

0.197  T  (injection),  1.1  T  (maximum) 

April  1971 
Auaust  1974 
20  MeV 
750  keV 

200  mA 

Modified  duoolasmatron 
Open-type  Cockcroft-Walton 
15.5  m 
1 

20  Hz 

201  KHz 


Fig.2      Schematic  Oiagram  of  KEK  12  GeV  Proton  Synchrotron 
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Table  5 

Total  operation  hour 

Bean  utility 

Slow  extraction 
Internal  tarqet 
8SUF 

Accelerator  study 
Accelerator  failure 
Accelerator  tuning 
Others 

Average  bean  intensity 
Main  Ring 

Booster  * 


316 

Operation  Sumary  of  12  GeV  PS  In  FY  1982 


3652  hrs 

Accelerator  system  down 

107.3  hrs 

2948 

Injector 

36\  3 

Prel njector 

9.9 

2837 

Llnac 

26*4 

2769 

Booster 

57.2 

3003 

20  MeV  transoort 

12.4 

374 

Magnet 

7.1 

RF 

3.2 

107 

500  MeV  transport 

28.5 

144 

BSUF 

6.0 

79 

Main  Ring 

11.8 

Magnet 

5.1  < 

10"  ppo 
10"  ppp 

Power  supply 

1.8 

RF 

1.9  ( 

Extraction 

1.9  ( 

Controls  1  Monitor 

2.6  i 

Vacuum 

1.3  1 

Others 

0.7  ( 

(  )  Indicates  failure  times. 


*000 


F1g.3      Operation  Summary  of  12  GeV  PS 


*0?l  hr 

36«9  hr 

3652  hr 

«  •. 

3251  hr 

M 

3258  hr 

Ot*n 

20X 

Ace.  Ftdwrt 

u  : 

Aec    SttMy  I 

23  X 

20  X 

7  : 

IS  X 

35  : 

69  X 

28<Vhr 

6?  X 

72  X 

78  X 

81  X 

•hyilci 
Cx4«rtnenti 

2S32hr 

2S37hr 

2S2Wr 

2Whr 

50  X 

(9) 
(151) 

(4) 
19) 
(28) 
(18) 
(37) 

i4> 

(12) 
(9) 
(9) 
(10) 
(15) 
(6) 


e  200 


r 

/ 

r 

i 

ft 

V 

Design  Intensity: 

Preinjector  200  nA 
llnac  100  mA 

Booster  Gx]0"ppp 
Main  Rinp  2-10"opp 


ERIC 
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4.    PHYSICS  EXPERIMENTS  WITH  12  GeV  PROTON  SYNCHROTRON 

Three  beam  lines  have  been  used  for  physics  experiments  as  shown  in  Fig. 
2.    A  fast  extracted  beam  line  was  provided  for  the  KEK-lm  hydrogen 
bubble  chamber,  which  was  shut-down  in  1981  after  taking  about  five 
millions  of  pictures.    Two  beams  are  being  used  for  electronics  experiments, 
i.e.,  an  internal-target  beam(7i2&Tl)  and  a  slow  extracted  beam  EP2.  The 
slow  extracted  beam  is  split  into  several  branches  for  providing  direct 
proton  beams,  pion  beams,  enriched  kaon  beams,  anti-proton  beams  and 
hyperon  beams.    Principal  characteristics  of  these  beam  lines  are  given 
in  Table  6. 

Count er(electronics)  experiments  with  the  slow  extracted  beam  have 
been  actively  carried  out  by  many  inhouse  and  outside  groups  since 
September  1978.     An  emphasis  of  the  high  energy  physics  experiments  has 
been  Jaid  on  the  study  of  exotic  quark  states  like  baryonium,  dibaryon 
and  Z  .     In  particular,  Lhe  polarized  proton  and  deuteron  targets  with 
a  dilution  refrigerating  system  have  beer  used  for  the  latter  purpose. 
Some  exoerlments,  such  as  rare  decay  of  ^aons  or  direct  lepton  production, 
have  be  n  made  concerning  weak  or  electromagnetic  interactions.  Another 
recent  experiment  of  interest  is  an  investigation  of  monochromatic  jj  , 
e    associated  with  heavy  neutrinos  in  K    -»■  \i    +  V  and  e    +  \>  decays.  In 
addition  the  number  of  experiments  using  nuclear  targets  for  the  study 
of  nuclear  physics  has  been  increasing  in  recent  years. 


Table  6    Sunmary  of  Beam  Lines  of  KEK  PS 


Beam  Line 

Momentum 
(GeV/c) 

Particles 

Intensity/Pulse 

Internal  Target 

Beam 

712 

1  -  4.3 

+  ,  - 

71  /T! 

2  x  10Vl05  at  3  GeV/c 

Tl 

0.5  -  2.3 

71  /7I 

5  x  10*74  x  101*  at  ICeV/c 

Slow  Extracted 
K2 

Beam 
1  - 

EP2 
2 

<  /< 
p/p 

7I+/7I 

5  x 
1.7 
2.2 

10s/l0s  at  2  GeV/c 
x  107/1.5  x  lO** 
x  107/1.5  x  io7 

K3 

0.5 

-  1 

0 

<+/<" 
7I+/7l" 

4.2 
7  x 
5  x 

x  lOVlO1*  at  0.55  GeV/c 
107/3.5  x  io2 
107/5  x  io7 

T*U 

0.1 

-  1 

0 

1.2 

x  10s  at  0.25  GeV/c 

Til 

4  - 

8 

+  /  * 

71  /7l 

2  x 

10*/6  x  10s  at  8  GeV/c 

T2 

1.0 

-  6 

0 

Til 

10" 

at  4  GeV/c 

K4 

0.4 

-  0 

8 

P 

700 

at  600  MeV/c 

-  10  - 


<tt-S63  0  -  86  -  11  .322 
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Tabic  7      List  of  Approved  Experiments 


NO.  SPOKESMAN  TITLE  BEAM  STATUS 

EXPER.  CROUP  XECHNI'  'JE 


E06 

UO 
E1J 

E  J  9 


E26 


E33 


L34 


E45 


E49 


E50 


E53 


R.  Sugawara 
(KEK-Tokyo-Osaka 
City-Kinki) 

Y.  Nagashioa 
(KEX-Tokyo-Vaseda) 


Study  of  Pion  Nucleon  Inelastic 
Scattering  in  the  Intermediate 
Energy  Region  9 

Study  of  Rare  Decay  K+  *  n+vv 


T.  hirose  study  of  w-p  Three-Body 

(Tokyo  Metro. -Tokyo  Reactions  with  Emphasis  on 
Univ.  A  and  E)         Diffraction  Dissociation 


K.  hiyake 
(Kyoto-ktK) 


Measurements  of  Differential 
Cross_Scctions  and  Polarization 
for  x~p  ♦  n*n  in  1.8  -  3.0  GeV/c 

R.  Kajikawa  Measurements  ot  Differential 

UIugoya-Hiroshima-  Cross_Rections  and  Polarizations 

Osaka-Kyoto-KEK)  for  *~p  clastic  scattering  at 
2-4  GeV/c 

h.   Itoh  Disintegrnr Jons  of  Nu'iei  by 

(Saga-Kyushu-Kyoto)  Stopping  w~ 

K.  Otozai  Radiochemical  Studies  of  Nuclear 

(Osaka-Kyoto-  Reactions  induced  by  Protons 

Tokyo  Metro.)  and  Pions 

T.  kanae  Measurement  of  p-p  total  cross 

(Tokyo-Hiroshima)      sections  from  AGO  to  ^00  MeV/c 
^nnge 


F.  Takasaki 
'KEK-Saga-Tokyo- 

Tokyo  IJ  of  A  and 

F-K>oto) 

S.  Mik<<uo 
(KEX-Osaka  City- 

Tokyo-Kyoto-Saitama 

-lokyo  Metro.) 

K.  Kondo 
(Tsukuba-KEK) 

T.  Kitagakl 
(Tohoku-Nara- 
Womcn-Tohoku-KFK) 


Studies  of  K'n*  ♦  K"*"n  ,  K*p 


Direct  Lepton  Production  by 
Protons 


Study  on  Asymmetry  ?.r  A*  •*  pev, 
puv  decey  by  using  Hyperon  Beam 

Direct  Electrons  in  pp 
Interactions  at  8  CeV/c 


S.  Kancko 
(Hiroshima; 


Studies  of       Nucleus  Inter- 
actions at  5  CeV/c  in  Bubble 
Chamber 


Kl  Completion 
BC 


K3  Completion 
Counter 

K\  Complet "on 
DC 


*2  C^foletion 
(Fl) 
Counter 

t2  Completion 
(F2) 
Courier 


Tl  Completion 
Counter 

Tl  Completion 
Counter 


K3  Completion 
Counter 


K2  Completion 
Counter 


EP2-B  Complet ion 
Countei 


Ei  2-A  Analysis 
Counter 

Kl  Completion 
BC 


Kl  Completion 
BC 
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L57 
E62 

E63 

C64 
L65 

h66 
L67 


F7! 

E72 
F7J 
E7A 
£73 

S79 

L«0 
F61 


S.  S.  Yanamoto 
(Tokyo) 

Y.  Yoshimura 
(KKK-Nara-Hi roshina 
-Tokyo-Osaka  City) 

K.  Miyake 
(Kyoto-KEK) 


Studies  of  p-p  Interactions  in 
the  Range  of  0.8  -  2.0  GeV/c 

Study  of  Exotic  States  in  pp 
Reactions  at  3  -  5  GeV/c 


T.  Tsuru 

(KEK-Kyuto-Tokyo) 
K.  Nakai 

(Tokvo-Kyoto-Osaka) 


M»  Koshiba 
(Tokyo) 

H.  Yoshinaga 
(Kyushu) 


£68      M.  Kobayashi 


K.  Nakai 
(Tokyo) 


T.  Yamazaxi 
(Tokyo) 

!!.  Yoshinaga 
(Kyushu) 

K.  N.'kamura 
(Tokyo) 

K.  Ogawu 
(KEK-Saga-Kyoto 
-Tokyo) 

T.  Kitagaki 
(Tohoku-KEK 
-tl.ira  Women) 

F.  Sai 
(Tokyo) 

J.  Igo 
A.  Ma sa ike 
vt'CU\-KEK-INS 
Tokyo) 


Kl 
BC 


Kl 
BC 


Analysis 


Analysis 


Measurements  of  Differential 
Sross  Sections  and  Polarizations 
for  ir"p  -  »°n  in  3.5  -  A.O  GeV/c 

Study  of  2n,  3*  state  in  *-p 
Charge-exchange  Reactions 

Measurements  of  Neutrons  and 
Gammas  from  it  or  u  capture  in 
nuclei 

Measurements  of  n,  u(9)  and 
Detection  of  X*<2820)  at  high  p^ 

Preliminary  study  of  h  beira  for 
Medical  Applications 

Detection  of  y  and  **  from  pp 
Annihilation  at  Rest 

Space-Tine  Structure  and  Corre- 
lation in  Particle  Production  in 
Hadron-Nucleus  Interaction 

Huon  Spin  Phenomena 


Fundamental  Investigation  on 
n-mcson  Therapy 

Baryonium  in  pp  Reactions  below 
1  GeV/c 

IVasurement  of  P-pararueter  in  pn 
Elobtic  Scattering 


r2  Analysis 
Counter 


tr  1  Analysis 
Counter 

*u  Analysis 
Counter 


EP2-B  Withdrawn 
Counter 

*u  Completion 
Counter 

K3.KA  Running 


ttu  Analysis 
^2 


n«H  Completion 


K3 
(P) 

K2 
(P) 


Calibration  Experiments  of  K J 

Elertro-magnetic  Cascade  showers  (a~) 
b>  Ta  plate  in  Bubble  chamber 

Dp  reactions  between  2  to  A  GeV*c  K! 

(d) 


Asymmetry  in  Plastic  Scattering* 
of  K  *;nd  s  from  Deuterium  near 
1.5  GeV/c 


K2 


Completion 

Analysis 
Completion 

Completion 

Analysis 
Analysis 
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E82      S.  Mori 
(Tsukuba) 

E63      Y.  Sumi 

(Hiroshima) 


Nuclear  Spallation  Reaction  with  K2 
High  Energy  Particles 

Measurement  of  Differential  v2 
Cross  Section  for  **"d  in  Dibaryon 
Resonance  Region 


FS9 
El  OA 


E90 


E91 


E92 


E97 
E107 


E99 


T100 


El  10 


fd: 


U19 


T.  Yamazaki 
(Tokyo) 

K.  Nakai 
(Tokyo) 

R.  Chjba 
(Tokyo  Tech.) 

K.  Hiyakc 
(Kyoto) 

H.  Itoh 
(Saga) 

S.  IvatJ 
(Kyoto) 

T.  Hayano 
(Tokyo) 

Y.  Fukushima 

(KEK) 

T.  Satch 
(Ktk; 

I.  Toke 
(Was^au) 

P.  Yokota 

'  ic-k/o  Tech. ) 

K.  C'riba 
'Tokyo  Tech. ) 

Y.  Miake 
(Tokyo) 

B.  Povh 
U.a>,-Planck) 

N.  horikava 
(K«*goya-k*  oto* 

T.  Inag6ki 
(KEK-Kycto) 


Search  for  Heavy  Neutrinos 
by  Kui  Decay 

Space  and  Time  Structure  of 
High  Energy  Nuclear  Reaction 

Particle  Correlator,  m 
'-Nucleus  Interaction 

Asymmetry  Parameter  in  the 
f  -  p> 

Reaction  Mechanism  ol 
Hadrcn-Nuclews  Interacticr 

Koasuremcnr  of  Pionic  *  Kays 


Search  for  Right  Handed 
Current  in  Ku2  Decay 

Test  of  VENUS  Detectors 
Test  of  TOPAZ  Detectors 
Test  ot  Liquid  Ar  Detector 


Particle  CorM»*ation  by  the 
n-N'jcl'M  ^>  interaction 

Nutron  Spectrum  f mrr 
p-lh  KetT'ion 

Deuteron  f**,,n  (/-Nucleus 
Reaction 

I  Hypernu* *v\  by  (K* ,  r) 
Scctroscopj 

Spin  Correlation  Parameter  Ann 
in  pn  EJrstic  Scattering 

Study  of  a  few  Piop  States  in 
r.  p  charge  F\<  bapge  Reactior, 


K3 


*2 


*2 


Running 
Analysis 

Completion 
Analysis 

Running 
Analysis 
P  inning 
Analysis 
Running 
K3  Completion 
T2  Running 
T?  Runr.ir.g 
"!  Funning 
t\i  Running 
t.2  Preparation 
m<2  Prcp^ra'ion 
Preparation 
Prcp.nation 
rl  Keening 
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ELECTRON- "OSITRON  COLLIDING  ACCELERATOR 


The  TRISTAN  Phase  I  (c  e 
accelerator  units: 

2.5  CeV 
6  %  S  CeV 
30  CeV 


colliding  accelerator)  consists  of  three 


Electron  (Positron)  Linac 
Accumulation  Ring  (A.<) 
Main  Ring  (MR) 

The  2.5  CeV  electron  linac,  which  was  primarily  constructed  for  the 
Photon  Factory,  is  used  as  the  injector  to  the  Accumulation  Ring. 
Positrons  a; e  produced  by  a  nev  200  McV  electron  linac  and  accelerated 
up  to  200  HeV  by  another  linac  before  being  injected  into  the  2.5  CeV 
linac.    The  Accumulation  Ring  stores  positrons  and  electrons  and  accelerates 
chem  up  to  8  CeV.    This  ring  is  also  used  to  perform  e  e    colliding  beam 
experiments  at  about  2x6  CeV.    The  large  Main  Ring  has  a  fourfold 
symmetry  with  four  long  straight  sections  which  is  used  to  perform 
colliding  beam  experiments  and  to  install  long  RF  cavity  sysweas  needed 
to  compensate  radiation  loss  of  circulating  particles.    Two  of  four 
experimental  halls,  i.e.,  North-East (Tsukuba)  and  South-West (FuJ i) 
halls,  will  have  an  extra  length  in  the  beam  direction  so  as  to  accomodate 
cp  colliding  beams  in  the  future  plan.    The  parameters  of  AR  and  MR  are 
summarized  in  Tables  8a  and  8b.  The  total  budget  of  construction  of 
TRISTAN  e  c"  complex  is  estimated  to  be  about  85  BY(Accelcrator,  37  BY; 
Experimental  Facility  for  two  detectors,  VENUS  and  TOPAZ,  10BY;  Building 
38  BY). 

500  m 


Fiq.6  Layout  Of  TRISTAN 


1.  \2  GeY  Proton  Synchrotron 

2.  TRISTAN  K*1n  Ring 

3.  Exper(nrnU)  Ar*** 

rujl  (South.Wett) 
Hukub*  (North-E«*t) 
XlVfco  (North-VHt) 
Oho  (South<E«*t) 

4.  2.5  GeY  Electron/Positron 
Kmc 

5.  Clectron  St0r*g«  Rlno. 
for  Photon  fjrtOry 

6.  TRISTAN  Accwljtton  Hint) 


7.  Electron  Unic  for 
Positron  Generation 
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Tabic  8*  Basic  Parameters  of  the  TRISTAN  Phase  I 


Circumference 

Average  Radius  of  Curved  Section 
Long  Straight  Sections 
Total  Length  of  RF  Sections 
RF  Frequency 
Injection  Energy 
Maximum  Energy 

Number  of  Interaction  Regions 
Maximum  Design  Luminosity 


Main  Ring 


3018.1  m 
346.7  a 
4  x  194.4  » 
S09.4  a 
508.6  KHz 
6  -  8  GeV 
25  -  30  GeV 
4 

8  x  103*  car*-s-l 


Accumulation  Ring 


377.0  n 
47.7  m 

2  x  (19.5  a  ♦  19.1  m) 

38.1  m 

508.6  KHz 

2.5  -  3  GeV 

6  -  8  GeV 

2 

2  x  10JI  ca-2-s-* 


Table  8b  Oesign  Parameters  of  the  TRISTAN  Phase  I 


Main  Ring 

Average  Machine  Radius 
Bending  Radius 
Normal  Cells 

Dispersion  Suppressing  Cells 
RF  Cells 

Experimental  Insertions 
Number  of  8ending  Magnets 
Number  of  Cell  Quadrupoles 
Number  of  Insertion  Quadrupoles 
Revolution  Frequency 
RF  Frequency 

Total  Length  of  RF  Cavities 
Total  Length  of  higher  Mode  Cavities 
Beam  Energy 
Bending  Field 

Strength  of  Cell  Quadrupoles 
Betatron  Tune  (vx/vy) 
Momentum  Compaction  Factor 
Radiation  Loss  per  Turn 
Natural  Energy  Spread  (or/E) 
Natural  Horizontal  £snttance 
RF  Peak  Voltage 

Synchrotron  Oscillation  Frequency 
Natural  Bunch  Length  (a.) 
Betatron  Function  at  Colliding  Point  (eZ/Sy) 
Bean  Size  at  Colliding  Point  (cj/oj)  J 

Accumulation  Ring 

Average  Machine  Radius 
Bending  Radius 
Normal  Cells  in  Arc 
Number  of  Sending  Magnets 
Number  of  Quadrupoles 
Revolution  Frequency 
RF  Frequency 

total  Length  of  RF  Cavities 
Beam  Energy 
Bending  Field 

Betatron  Tune  in  Arc  (vx/vy) 
Koraentua  Compaction  Factor 
Radiation  Loss  per  Turn 
Natural  Energy  Spread  (cr/E) 
Natural  Horizontal  Eaittance 


480.34  m 
246.53  m 
116  x  16.12  a 
20  x  15.42  a 
40  x  14.15  a 
4  x  6  a 
272 
344 
43 

99.33  KHz 

503.58  KHz 

320  a 

65  a 

30  GeV 

C.406  T 

16.1  T/a 

37.15/39.10 

K493  x  10"3 

290  MeV 

1.639  x  10'3 

1.785  x  10-7  a-r 

382  MY 

9.95  KHz 

1.17  cm 

1.12  a/0.07  a 

0.434  cn/0. 027  mm 


60.0  a 
23.17  ra 
28  x  8.3  m 
56 
86 

0.795  KHz 

508.58  KHz 

29.6  m 

6  GeV 

0.86  T 

7/7 

0.013 

4.9  KeV 

1.1  x  10*3 

2.7  x  10-7  m-r 
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Table  9  Outline  of  the  TOPAZ.  vEWJS  and  amy  Detectors 


Coaponent 
Inner  Chaster 

Central  Tracking 
Chaaber 

Tiae-of- flight 

Kagntt  Coil 

Magnetic  Field  Yolise 
8arrel  Drift  Chaaber 

Barrel  Electrcoagnetic 
calorie* ter 

Moon  Detectors 

End  Cap  Drift  Chaaber 

End  Cap  Electromagnetic 
calcrleetor 

Luainosity  Monitor 


TOPAZ 


Cylindrical  Drift 
Chaaber 
(Cathode  Strip 
Readout) 

TPC  with  dE/dx 
(«  ata) 
ID  •  70  ca 
00  •  250  C3 
(%  12000  Readout 
Channels) 

64  eleoents 

(13  ca  x  4.5  co) 

Superconducting 
Solenoid  5  -  1.2  T 
2.72  a*  x  5.08  a 

Conductive  Plastic 
Tube 

(Cathode  Strip 
Readout) 

Lead  Glass.  Cylindri- 
cal Array  4320  Units 
(120  X.  Long) 
Coverage  35*  -  145* 


3  Iron  Slab  Layers 
8  On  ft  Chaaber 
Layrs 


Corductive  Plastic 
Tubes 

(Cathode  Strip 
Readout) 

Lead  Plates  PWC  Tube 
Layers 


Lead'Scmtillator 


VENUS 


Cylindrical  PWC 
(Cathode  Pad  Readout} 


Cylindrical  Drift 
Chaaber 
ID  •  50  ca 
00  -  252  ca 
(%  7000  Readout 
Channel s ) 

96  eleoents 
(10.5  ax  Sea) 

Superconducting 
Solenoid   8  •  0.5  T 
3.4  a*  x  5.8  a 

Limited  Streaaer 
Tube 

(Charge  Division 
Readout) 

Lead  Glass.  Radial 
Array  5280  Units 
(20  X*  Long) 
Coverage  37*  -  143* 


2  Iron  Slab  Layers 
Liaited  Streaoer 

Tutws 


Liaited  Streamer 
Orift  Tubes 
(Cathode  Readout 
for  Trigger) 

Liquid  Argon  Shower 
Detector 
(4000  Readout 
Channels) 

PWC  and  Lead- 
scintillator 


None 


Cylindrical  Drift 
Chaaber 
ID  -  30  ca 
00  •  135  ca 
(1  11520  Readout 
Channels) 

None 


Superconducting 
Solenoid  8  -  3.0  T 

2.22  ca  x  2.2  a 

None 


Lead  Sheet-conductive 
Plastic  Sampling 
Calorlaeter 

9846  Readout  Channels) 

15  X,  Long) 
Coverage  37*  -  143* 

1.3  a  Return  Tcke  Iron 
Cne  X-Y  Coordinate 
Measuresent  by  Grift 
Tubes 

None 


Xor.e 


Crift  Tubes  and  Lead 


Collaborating  Group 


L8L,  Univ.  of  Calif. 
Nagoya  Univ. 
Mara  Woaen's  Univ. 
Nat'1  Lab.  for  High 

Energy  Phys.  (X£K) 
Osaka  City  Univ. 
Tokyo  Univ.  of  Agric. 

i  Tech 
Inst,  for  Nucl . 

Study.  Univ. of 

Tokyo 
Univ   of  Tokyo 


Fukui  Univ. 
Hiroshiaa  Univ. 
KEK 

Kobe  Univ. 

Kyoto  Univ. 

Osaka  Univ. 

Rikkyo  Univ. 

Tokyo  Univ.  of  Agric. 

S  Tech. 
Tohoku  Gakuin  Univ. 
Tohoku  Univ. 
Tokyo  Metropolitan 

Univ. 

The  Univ.  of  Tsukuba 
ifakaytsa  Med.  College 


KEK 

Korea  Univ. 
Nligata  Univ. 
Ohio  SUte  Univ. 
Saga  Univ. 
Saitaaa  Univ. 
Tokyo  Inst,  of  Tech. 
Univ.  of  Rochester 
Virginia  Polytechnic 
Inst. 


-  19  - 


ERLC 


331 


327 


6.    BOOSTER  SYNCHROTRON  UTILIZATION  FACILITY 

The  Booster  Synchrotron  Utilization  Facility (BSUF)  was  founded  in  1977 
to  make  use  of  500  MeV  protuns  extracted  from  the  booster  cC  the  12  GeV 
PS.    Under  the  current  operation  condition  of  the  proton  synchrotron 
about  a  quarter  of  500  MeV  booster  beam  is  injected  into  the  12  GeV  main 
ring  so  that  the  remaining  three  quarters  of  the  booster  beam  is  used  in 
BSUF.    Since  the  booster  produces  20  pulses  of  about  6  *  10* 1  protons 
per  second,  the  proton  intensity  available  for  BSUF  is  9  *  10  protons/s. 
BUSF  consists  of  three  experimental  areas  :  the  neutron  experiment 
area(KENS).  the  pion  and  muon  experiment  area(BOOM).  and  the  medical 
research  area.    The  neutron  project  has  been  mainly  promoted  by  Tohoku 
University  group  that  designed  and  constructed  a  pulsed  spallation 
neutron  source  and  cold  neutron  channels,  which  was  coapleted  in  1979, 
and  experiments  started  in  1980.    The  pion  and  muon  facility  is  affiliated 
with  the  Meson  Science  Laboratory,  the  University  of  Tokyo.    The  muon 
channel  including  a  long  s  iperconducting  solenoid  worked  successfully  in 
June  1980  and  the  muon  yield  was  found  to  be  10s  muons/pulse.  The 
medical  research  area  for  cancer  diagnosis  and  therapy  is  affiliated 
with  Particle  Radiation  Medical  Science  Center (PARMS) .  the  University  of 
Tsukuba.  and  started  its  activity  at  the  beginning  of  CY  1982. 


CCu»>tt"j  9Q0«  for 
.„  t>pfnrrt 


CojO(««9  tOOm  for 


P0*«r  $^ply  for 
S^^3  line  & 
Co*tirmor  for 
H**!t>*  RtfrlceritOr 


?Vi3>c*l  Research  Are* 

(PARMS) 


for  SCO  MeV  ftei*.  It* 


Tin. 7     Layout  of  Booster  Synchrotron  Utilization  Facility  (BSUF) 
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7.    PHOTON  FACTORY 

The  Photon  Factory  is  a  national  synchrotron  radiation  research  facility 
affiliated  with  KEK.    Originally  this  project  was  planned  to  establish 
an  independent  institution,  however,  after  a  heated  discussion,  it  was 
finally  established  as  a  part  of  KEK.    Vhe  construction  of  the  Fhoton 
Factory  was  approved  as  a  four  years  program  starting  in  1978.  The 
accelerator  consists  of  a  2.5  GeV  electron  linac  and  an  electron  storage 
ring  and  is  able  to  yield  a  number  of  intense  pencil  beans  of  photons  in 
a  wide  range  of  wavelength,  which  can  be  used  for  studies  in  physics, 
chemistry,  biology,  medical  science,  pharmacology,  geology,  lithography, 
etc. 

The  ground  breaking  ceremony  was  held  on  January  25,  1979.  The 
first  2.5  GeV  beam  was  obtained  in  early  February,  1982,  and  the  first 
turn  in  the  storage  ring  was  observed  on  February  18  and  the  beam  accumulation 
reached  to  6  mA  on  March  11. 

Tnus  the  constuction  was  completed  in  FY  1982  on  schedule  at  a 
total  cost  of  about  18.5  BY,  in  which  10  BY  is  for  the  accelerator  and 
experimental  facilities,  and  8.5  BY  for  buildings,  the  electric  power 
station  and  the  water  cooling  plant. 

The  Photon  Factory  is  open  for  users  from  universities  and  other 
institutions  such  as  research  institutes  under  other  Ministry  of  the 
Government.     Applications  from  private  companies  are  also  admitted  for 
appropriate  objects  of  research. 
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Table  10  General  Parameters  and  Operation  Statistics  of  PF  Accelerator 
Electron  Linac 


Energy 

2.5  GeV 

Peak  Current 

50  oA 

Beam  Pulse  Width 

>  1  ps 

Repetition  Rate 

50  pps 

Energy  Spead 

<  0,5  I 

Normalized  Cnittance 

<  10  Cm*mr 

Total  Number  of  Accelerator  Guide 

160 

Length  of  Accelerator  Guide 

1.9  » 

Frequency 

2856  KHz 

length  of  Acceleration  Unit 

9.6  a 

(Composed  of  4  Acceleration  Guides) 

Total  Number  of  Acceleration  Unit 

40 

Number  of  Klystrons 

41 

Peak  Power  per  Klystron 

30  MV 

RF  Pulse  Width 

3  ps 

Injection  Energy 

30  MeV 

Type  of  Gun 

Triode 

Gun  Voltage 

-  100  KV 

Gun  Puise  Width 

2  ns     2  ps 

Storage  Ring 

Energy 

Mean  Radius 

Radius  of  Curvature 

Number  of  long  Straight  Sections 

Number  of  Medium  Straight  Sections 

Focusing  Oroer  in  Normal  Cell 

Field  Strength  of  the  Bending  Magnet 

Aperture 

Number  of  Quadrupole  Magnets 
Total  Magnet  Power 
RF  Frequency 
Harmonic  Number 
Synchrotron  Radiation  loss 
Radiated  Power 
RF  Voltage 
Synchronous  Phase 
Number  of  Cavities 
Average  Pressure 
lifetime 
Injection  Energy 
Energy  width  of  linac 
Enittance  of  Injected  Beam 
Injection  Rate 
Injection  time 


Beam  Time  Statistics 
Run  Period 


2.5  GeV  (Maximum  3  GeV) 
29.77  m 

8.66  m 

2 

8 

FODO 

9.6  KG  (Maximum  12  KG) 
70  x  12  mm2 

58 

1.0  KW  (for  2.5  GeV) 
ro.o  KHz 

,>.2 

399  KeV/rev  (without  Higgler) 
265  KW  (without  Wiggler) 

2.1  MV 
79* 

4 

10"9  Torr 
10  hr 
2.5  GeV 
0.2  1 

0.02  y  era  orad 
1  -  10  Hz 
10  min 


Total  Time 
(hours) 

Users'  Time 
(hours) 

Machine  Failure 
(hours) 

Average  Current 
<mA) 

407 

185 

23 

39 

274 

121 

13 

53 

617 

356 

34 

75 

484 

333 

6 

86 

2  6/2  ^  7/17/8? 

3  10/21  ^  12/10/82 

4  1/13^3/5/83 

5  6/7  ^  7/23/83 
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As  can  be  seen  in  Fig  8,  nine  main  beam  lines  have  been  constructed  till 
the  end  of  September,  1983.    They  are  as  follows: 


X-ray  lines  BL-A,  10,  15 

VUV  lines  BL-11,  12 

Hard  X-ray  wiggler  line  BL-U 

Soft  X-ray  undulator  line  BL-2 

Lithography  line  BL-1 

Monitor  line  BL-21 


The  lithography  line  was  constructed  by  N.ppon  Telegraph  and  Telephone 
Public  Cooperation. 

The  number  of  experimental  stations  presently  available  for  users 
is  25.    The  design  and  construction  of  experimental  instruments  and 
apparatuses  was  started  in  parallel  with  beam  line  design.    However  the 
total  number  of  in-house  staffs  is  short  of  constructing  all  of  these 
varions  equipments  so  that  a  number  of  working  groups  were  voluntarily 
formed  among  potential  users  to  participate  in  the  construciton  of 
experimental  stations.    Experiments  started  in  June,  1982,  and  about  100 
experiments  have  been  executed  till  the  end  of  FY  1983. 


Fig. 9    Layout  of  Experimental  Hall  (  Photon  Factory  ) 
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8.    THE  US/JAPAN  COOPERATION  ON  HIGH  ENERGY  PHYSICS 


The  US/JAPAN  cooperation  on  high  energy  has  been  executed  under  the 
Implementing  Arrangement  between  the  U.S.  Department  of  Energy  and  the 
MONBUSHO (Ministry  of  Education,  Science  and  Culture)  of  Japan  on  Cooper- 
ation .n  the  Field  of  High  Energy  Physics,  which  falls  under  Agreement 
in  Research  and  Development  in  Energy  and  Related  Fields  sig..ed  on  May 
2,  1979.    The  US/ JAPAN  Committee  on  High  Energy  Physics,  consisting  of 
six  members  from  each  side,  was  formed  after  the  signing  ceremony  of  the 
Implementing  Arrangement  at  SLAC  on  November  11,  1979,  and  has  been  held 
once  a  year  in  the  U.S.  and  Japan  alternately  to  coordinate  and  moniter 
cooperative  programs.    Dr.  J.  Lelss,  DOE,  and  Dr.  T.  Nishikawa,  KEK, 
have  been  co-chairmen  for  the  five  Committee  meetings  for  1979-1983: 


1st  meeting 

Nov. 

12,  19/9,  at 

sue 

2nd  meeting 

May 

19-20, 

1980, 

at  KEK 

3rd  meeting 

May 

26-27, 

1981, 

at  FNAL 

4th  meeting 

May 

24-25, 

1982, 

at  Fuji 

5th  meeting 

May 

24-25, 

1983, 

at  BNL 

For  the  first  five  year  period  of  cooperation,  thirteen  projects, 
T3ble  11    have  been  executed  according  to  the  guideline  for  the  allocation 
of  budget: 

.    (a)  60Z  for  physics  experiments  at  US  facilities  vftich  are  compli- 
mentary to  KEK 

(b)  20Z  for  kind  of  physics  experiments  similar  to  KEK  program 

(c)  10Z  for  research  and  development  of  accelerator  technology 

(d)  10Z  for  research  and  development  of  detector  technology 

The  total  amount  of  Japanese  funding  to  this  program  for  1979-1983 
is  about  6.4  BY  and  about  90  Japanese  scientists  have  participated  in 
cooperative  activities  at  U.S.  laboratories.    The  collaboration  under 
the  Implementing  Arrangement  has  been  so  successful  and  of  high  quality 
that  it  has  already  contributed  significantly  to  progreas  in  high  energy 
physics.    As  a  result  of  this  excellent  cooperation,  already  more  than 
hundred  papers  md  presentations  have  been  published  incljding  notable 
results  on  chat  >  decays,  \<»utrino  interactions  and  hadron  spectroscopy, 
In  this  period,  the  UCLA  e,?<*up  made  experiments  with  KEK  12  CeV  proton 
synchrotron.    Now  that  the  TRISTAN  project  is  under  way  at  KbK,  partici- 
pation }f  U.S.  groups  in  the  TRISTAN  experiments  is  b. !ng  realized.  The 
US/JAPAN  Committee  on  High  Energy  Physics  discussed  the  cooperative 
programs  in  the  s^coud  five  year  period,  and  approved  the  fu. lowing  four 
general  programs,  including  the  last  two  of  which  are  nev  initiatives: 

Prograa  A       Joint  ut.e  of  existing  and  new  high  energy  physics 

accelerator  facilities  in  the  U.3.  and  Japan 
r-ogiam  B       Joint  program  of  high  energy  accelerator  ana  detector 

vtctumentation  research  and  development 
Program  C       J^int  participation  in  design  studies  leading  to  the 

possible  construction  and  subsequent  use  of  new  forefrout 

facilities  for  high  energy  ohysics 
Program  D       Collaborative  awudies  ot  pairicie  phyjics  which  do  not 

depend  on  beau  generated  by  accelerators 
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Tabic  11   Sun-wry  of  Cooperative  Projects 

(a)  Physics  Experiments  at  US  Facilities  which  are  complementary  to  k£k 
1.  BNL:  Neutrino 


2.  FNAL:  COF 

3.  FNAL.  E605 

4.  FNAL'  Emulsion 


5.  FNAL:  Bubble  Chamber 

6.  SLAC   Bubble  Chaaber 


Measurement  of  elastic  scattering  of  neutrinos  from 
electrons  and  protons  (£734)  and  short  wavelength 
neutrino  oscillation  (£77$). 
Proton-antlproton  colliding  experiment  (COF). 
Lepton  and  hadron  pair  production  near  klnematical 
liait  (E60S). 

Study  of  weak  decay  lifetimes  of  neutrino  induced 
particles  in  a  tagged  eaulsion  spectrometer  (E53I) 
and  Measuring  chars*  and  8  decays  via  hadronlc 
production  in  a  tagged  eaulsion  spectrometer  (£653). 

Bubble  chamber  experiments  In  200*1000  GeV  eoergy 
region  (£565/570  I  £636). 

Photoproduction  of  charm  partcles  In  t»*e  SLAC  hybrid 
facility  (BC72/73  I  BC75). 


(b)  Kind  of  Physics  similar  to  KEK  Program. 

7.  L8L:  SLAC-PEP  4  (TPC)         Participation  In  the  electron-oositron  collidirj 

experiment  (PEP-4)  *t  SLAC-K*  and  development  of 
new  detection  and  data  handling  technology. 

8.  SLAC.  LASS  Multi-particle  production  experiment  with  LASS 

facility  (E132/13S). 

(c)  Research  and  Development  of  Accelerator  Technology. 

9.  BNL/FNAl:  SC  Hagnet  Development  of  superconducting  »*agnet. 

10.  SLAC:  SC  RF  Cavity  Research  and  development  on  superconducting  rf 

11.  SLAC:  Klystron 


cavity. 

Research  and  development  on  high  power  klystron 


(d)  Research  and  Development  of  Detector  Technol -gy. 

12.  L8L.  TPC  R&D  Research  and  development  on  time  projection  chamber. 

13  BNL/FNAL/SLAC  Research  arvi  development  on  colliding  detectors. 


Table  12   Foreign  Visiting  Scientists  in  1982 


Long  Tern 

Short  Tens 

Total 

Foreign  Visiting  Scientists  (M0NBUSH0) 

15 

15 

Foreign  Researchers  (J  S  P  S  ) 

4 

4 

Foreign  Visiters  and  Users 

11 

39 

50 

Total 

30 

39 

69 

Long  Term  Longe-  than  one  month 

Shert  Terra  Shorter  tKin  on?  ^.'nth 

J  S.P  S  The  Japan  Soc.ety  foi  **e  Promoti*,*  of  Science 

MONBUShO  Ministry  of  Education.  Science  and  Cukure 
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Table  13   FY  1982  Budget 

(In  thousands  of  Yen) 


Operation 

Capital 

Total 

Personnel 

18S.8S1 

185.851 

Adninistrat'on 

90.958 

90.958 

fS               Accelerator  I  Betas 

2,  236, 563 

98.500 

2.335.063 

Experimental  Equipments 

267.421 

267.421 

Experioents 

956.496 

f  J  .496 

TRISTAN  Accelerator 

4,591 .000 

4.591.000 

Detectors 

6/1.000 

672.000 

PT               Llntc  I  Storage  Ring 

639.113 

639.11 3 

Experimental  Equipments 

976.800 

976.800 

Experiments 

1 71 .400 

Booster  Utilization  Facility 

316*568 

3161568 

Central  Computer 

606.739 

606.739 

Radiation  1  Safety 

130.839 

207,500 

338.339 

Cryogenic  Services 

34.343 

34.343 

Workshop 

9.103 

104.000 

113.103 

Electricity 

1.126.338 

1.125.338 

Electric  1  Utter  Pl»nt 

449.826 

449,825 

Site  1  8uildings 

42.840 

6,854.932 

6,897.772 

Specific  Projects 

59.512 

59,512 

JAPAN/US  Collaboration 

1.640.583 

1.640.583 

Auxiliaries 

565,303 

565.303 

ToUl 

9,528./95 

13.504.732 

23.033.527 

PS    Proton  Synchrotron       PF    Photon  Factory 


Table 

14   Number  of  Staffs 

in  1983 

ONuaoers  i 

n  1982 

Prof 

Ass. 

Prof. 

Res. 
Ass. 

Officer 

Tech. 

YS 

Total 

Oi rector 

General  Res.  Coordinator 

Physics 

E.P  P.C. 

Accelerator 

E.R  S.S. 

Photon  Factory 

TRISTAN 

Booster  Util.  Facility 
Eng.  1  Tech.  Service 
Administration 

13 
2 

17 
5 

10 

10 
1 

9 

34 
13 
25 
22 
4 

87 

1 

95 
44 

5 
4 

10 
3 
2 

1 

KD 
31(27) 

«7) 
61  67) 
22(21) 
54  55) 
39(23) 

8  7) 
95(91) 
131(120) 

Total 

31 

58 

107 

87 

140 

24 

447(420) 

Res   Ass.      Research  Associate  E.P. P.C.      Experimental  Planning  &  Program  Coordination 

Tech  Technical  E.R.S.S.      Engineering  Research  t  Scientific  Support 

VS  Visiting  Scientist 


Table  15   Number  of  Users  in  1982 


Prof. 

Ass. 
Prof. 

lect. 

Res. 
Ass. 

Tech. 

Others 

P.F.J. S. 

G.S. 

Total 

PS 

28 

32 

8 

54 

11 

76 

4 

99 

262 

8UF 

10 

i6 

3 

23 

4 

12 

0 

41 

109 

PF 

59 

59 

19 

89 

8 

78 

.  6 

96 

414 

Total 

97 

107 

30 

166 

23 

116 

10 

236 

-  785 

PS    Proton  Synchrotron         8UF     Booster  Utilization  Facility         PF     Photon  Factory 
P.F.J.S      Postdoctoral  Fellow  of  the  Japan  Society  for  the  Promotion  of  Science 
C.S.     "-aduate  Student 
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Map  of  the  Tsukuba  Science  City 


\\  '^tsukusu  T 


OHO  T 


TQYQSATO  T 


1.  University  of  Tsukuba 

2.  University  of  Library  1 
Information  Science 

3.  Natt  Education  Center  Annex 

4.  Tsukuba  Botanical  frrden 

5.  Natl  Research  Center  for 
Disaster  Prevention 

6.  Tsukuba  Telecomunication 
Construction  Engineering 
Oeveloonent  Center 

7.  Bulldlnq  Research  Institute 

8.  Public  Works  Res.  Inst. 

9.  Geograohtcal  Survey  Inst. 

10.  Natl  Research  Institute 
for  Hetals 

11.  Natl  Institute  for  Res. 
In  Irorganlc  Materials 

12.  Tsu*uba  Space  Center  NASOA 

13.  Natl  Res.  Lab.  of  Meteorology 

14.  Mechanical  Engineering  Lab. 

15.  Natl  Chealstry  Laboratory 
for  Industry 

16.  Fermentation  Res.  Institute 

17.  Research  Institute  for 
Polyaer  and  Textiles 

18.  Geological  Survey  of  Jaoan 

19.  Electrotechnlcal  Laboratory 
to.  Industrial  Products  Res.  Inst.' 

21.  Natl  Research  Institute  for 
Pollution  and  Resources 

22.  Meteorological  Res.  Institute 

23.  Serological  Observatory 

24.  Natl  Institute  for 
Environmental  Studies 

25.  Tsukuba  Center  for  Institutes 


Eowcatlon 
Civil  Engineering 
Engineering  1  Ttcnnoiegy 
Holt?/  1  AgrKulturt 
M    Residential  Area 
Parks 
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0.  PS  Control  Room 

1.  PS  Prelnjector 

2.  PS  Umc 

3.  PS  Booster 

4.  PS  Main  Ring 

5.  PS  Counter  Experimental  Hall 
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PREFACE 


At  KEK,  this  year  marked  the  third  year  of  TRISTAN  project  which  features  a  large  storage  ring,  roughly  3  km 
in  circumference,  for  e*  e"  collisions  at  60  GeV  in  c  m  energy  with  a  conventional  RF  System  Construction  of  the 
main  accelerator  enclosure,  including  four  large  experimental  a  ret*,  is  underway,  rather  a  head  of  the  original  sche- 
dule The  target  date  for  the  first  collision  is  fall  of  1986  The  Accumulation  Ring,  construction  of  which  was 
started  in  1981,  has  been  in  operation  since  November  1983  A  substantial  effort  of  the  accelerator  group  has  been 
devoted  to  the  RF  design  and  to  development  of  thirty  klystrons  of  I  M  W  and  a  320  m-Iong  cavity  system  In  addi- 
tion, an  extensive  R&D  program  for  a  superconducting  cavity  is  in  progress  that  cou'd  raise  the  maximum  attain- 
able  energy  of  the  large  nng  The  TRISTAN  Physics  Program  Advisory  Committee  (TPAC)  held  its  third  and 
fourth  meetings  in  March  and  November  of  1983,  and  recommended  approval  of  three  major  experimental  under* 
taking*,  i  e.  the  proposals  submitted  by  the  TOPAZ  and  VENUS  Collaborations,  both  of  which  are  primarily  na- 
tional teams,  and  the  AMY  Collaboration,  a  US  based  team  These  experimental  groups  have  been  engaged  in  the 
practical  design  and  construction  of  their  detector  systems  so  as  to  start  ex;<enmenls  at  t  -  0  of  the  main-nng  opera- 
tion It  should  be  noted  tha,  all  of  these  experiments  use  targe  superconducting  solenoids. 

The  TRISTAN  mam  tunnel  will  cross  a  part  of  the  present  12  GeV  proton  synchrotron  complex  at  about  5  m 
underneath  the  existing  facilities  The  underpinning  work  will  start  April,  1984  Before  a  one  year  shut  down  of  the 
12  GeV  PS  for  this  purpose,  many  active  experiments  with  this  machine  have  been  earned  out,  both  in  the  Meld  of 
high-energy  physics  and  in  intermediate-energy  nuclear  physics,  in  particular,  with  the  use  of  well-separated  low  en- 
ergy p  and  K  beams  and  with  the  raulUparticle  spectrometer  using  a  superconducting  beam  line.  Utilization  of  the 
booster  beam  for  pulsed  neutron  scattering  experiments,  muon  science,  and  cancer  therapy  and  diagnosis  has  also 
yielded  a  large  number  of  important  scientific  results,  including  the  first  trial  of  medical  treatment  of  patients,  in  co- 
operation with  the  medical  group  at  the  University  of  Tsukuba 

Applications  of  a  high  energy  accelerator  for  various  fields  of  science  have  made  great  progress  at  the  Photon 
Factory  of  KEK  One  of  the  notable  features  of  experiments  at  the  Photon  Factory  is  their  interdisciplinary  cooper- 
ative nature  Many  scientists  Irom  different  fields  have  collaborated  in  various  types  of  experiments  using  ihe  in- 
tense beam  of  X  rays  and  VUV  light  provided  from  9  main  beam  lines,  one  of  which  was  constructed  with  funds 
from  the  Nippon  Telegram  and  Telephone  Public  Cooperation,  particularly  for  the  VLSI  development  More  than 
700  users  have  been  registered  during  this  year,  60%  of  them  come  from  about  50  universities,  30  %  from  national 
laboratories,  and  10  %  from  private  industry 

As  symbolized  by  the  notable  discovery  of  the  W  and  Z  particles  at  CERN  this  year,  which  verifies  the  pred- 
ictions of  the  unified  theory  of  electromagnetic  and  weak  forces,  it  is  clear  that  progress  in  this  field  results  in 
deeper  understanding  of  nature  at  its  most  fundamental  level  In  addition,  it  is  clearly  shown,  through  the  activities 
nf  KEK  that  engineering  and  technical  development  associated  with  high  energy  accelerators  and  detectors  culti- 
vates the  new  age  of  human,  technology,  culture  and  industry  We  will  do  our  best  to  promote  research  in  baste  sct- 
ence  and  in  the  frontier  technology  of  Japan  witr  an  international  and  interdisciplinary  outlook 

Finall>.  beginning  this  year.  1  have  been  asked  to  continue  the  laboratory  director-ship  for  the  next  three  >ear 
term  As  a  result  of  this,  some  changes  in  administration  framework  have  been  made  Prof  K  Kiku<  hi  will  be  the 
ueneral  Research  Coordinator.  Prof  S  Ozaki  will  be  the  Chief  Director  of  the  TRISTAN  Project,  and  Mr  S 
Leda  will  be  the  Director  ol  the  Administration  Department  It  should  also  be  noted  that  Prof  T  Mukaibo.  the 
Itirmer  President  ol  tlu  University  of  Tokyo,  was  nominated  as  the  Chairman  ^  f  the  Board  of  Councilors  to  vuc- 
«.ced  Pro!  K  llusimt  who  had  been  the  Cha-iman  since  1974  and  was  returned  to  the  House  of  Councilors  m  Ja- 
p.in  At  the  md  *»f  ihi>  unc.iI  vear  three  Jistinguished  prolewors  Prnls  K  Kohra.  A  Kusuinegi  and  S  Yasumi 
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retired  On  behalf  ol  ibe  laboratory,  I  would  like  to  express  our  deepest  thanks  to  these  outstanding  scientists  who 
really  shaped  the  history  and  development  of  KEK  since  its  inception 


Tetsuji  Nishikawa 
Director  General 


348, 


344 


345 


346 


Ganaral  Introduction 


National  Ubortory  for  High  Energy  Physics  (KEK)  was  established  on  Apnl  1,  1971,  as  a  national  center  of 
high  energy  physics  open  to  users  from  universities  and  other  institutions  The  Laboratory  is  the  first  institute  of 
eleven  "Interumversity  Research  Institutes"  supervised  by  the  Ministry  of  Education,  Science  and  Culture  (MON- 
BUSHO)  I»  is  located  at  tne  northern  boundary  of  Tsukuba  science  city  and  the  site  is  an  approximate  rectangle  of 
1  km  x  2  km. 

KEK  was  ongmnally  established  for  the  purpose  of  promoting  experimental  studies  on  elementary  particles  and 
12  GeV  proton  synchrotron  was  constructed  as  the  first  major  facility  For  this  new  project  a  capital  budget  of  13 
BY  was  allocated  from  FY  1971  to  FY  1975  The  first  8  GeV  (original  design  value)  beam  was  obtained  in  March 
1976  and  physics  expenments  started  »j  May  1977  The  TRISTAN  project,  a  30  GeV  electron. positron  colliding 
accelerator,  was  approved  by  the  Government  as  a  five-year  construction  program  and  the  ground  was  broken  in 
November  1981. 

In  addition  to  research  into  the  fundamental  aspects  of  particle  physics,  in  1978  were  established  the  Photon 
Factory  and  the  Booster  SynchroL  jn  Utilization  Facility  in  order  to  cover  vanous  fields  of  research  acti vines  with 
the  use  of  high  energy  accelerators  The  Booster  Synchrotron  Utilization  Facility,  which  makes  use  of  500  MeV 
booster  beam  of  the  proton  synchrotron,  includes  studies  on  neutron  diffraction,  pion  and  muon  physics  and  cancer 
therapy  The  Photon  Factory  is  for  research  with  synchrotron  raduuons,  and  a  2.5  GeV  electron  hnac  and  a  stor- 
age ring  were  constructed  lor  four  years  from  1978  with  a  budget  of  20  BY. 

The  organization  of  KEK  is  shown  in  Fig.  I  It  has  two  covering  structures  appointed  by  the  Minister  of  MON- 
BUSHO  Board  of  Councilors  is  an  advisory  council  for  the  laboratory  director  and  consists  of  fifteen  members, 
who  are  presidents  of  universities,  directors  of  other  laboratories  in  the  related  fields  and  other  eminent  scholars, 
and  gives  advices  to  the  director  with  respect  to  the  policy  of  KEK  end  nominates  the  director  of  KEK.  Advisory 
Council  for  Scientific  Policy  and  Management  is  for  discussing  scientific  policy  and  management  of  KEK  and  con- 
sists  of  twent>.one  scientists  Eleven  of  the  members  are  scientific  staffs  of  KEK  and  the  other  half  are  elected  from 
user's  group  The  Council  summanzes  and  represents  opinions  of  high  energy  physicists  with  respect  to  the  scientific 
program  and  operation  of  KEK,  and  gives  the  recommendation  to  the  director  on  employment  and  promotion  of 
scientific  staff  members  of  KEK. 

The  ongmal  KEK  started  with  four  departments,  le ,  Accelerator  Department,  Physics  Department,  Engineer- 
u.g  Research  and  Scientific  Support  Department  and  Administration  Department.  In  Apnl  1977.  a  reorganization 
of  the  laboratory  created  the  Program  Coordinator's  Office  for  the  coordination  of  expenmenul  program  and  a 
new  department.  Engineering  and  Technical  Service  Department  grouping  all  engineers  and  technician*  working  in 
cooperation  with  other  research  departments  In  1978  the  Booster  SynchrcUon  Utilization'  Facility  and  the  Photon 
Factory  consisting  of  three  departments.  Injector  Unac  Department,  Light  Source  Department  and  Instrumentation 
Department,  wc*e  established 

In  Table  I  is  shown  the  budget  of  KEK  in  FY  1983  and  Fig  2  illustrates  the  annual  trend  of  the  budget.  In  Ta- 
ble 2  and  3  are  shown  the  number  of  staffs  of  KEK  and  number  of  users  in  FY  1983  respectively. 
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History 


May.  1962 


September,  J 963 
\pnl.  1964 


May.  1968 
\ugust,  1969 


\pnl.  1970 
\pnl.  1971 

\ugiut,  1974 
December.  1974 
March.  1976 
December.  1976 
\pnl  1977 
May.  1977 

\pnl.  1978 

October.  1978 
April.  1979 
November.  1979 


October,  1980 
Apnl,  1981 


October,  1982 
November.  1983 


The  Science  Council  of  Japan  recommended  the  Government  to  promote  future  pro- 
grams of  high  energy  and  nuclear  phytic*  which  included  construction  of  a  high  energy 
proton  accelerator 

The  Government  decided  to  construct  a  new  science  aty  in  Tsukuba  district  with  an 

area  of  about  4000  ha  a*  J  ordered  the  Japan  Housing  Agency  to  buy  the  land 

The  Government  allocated  a  budget  for  basic  studies  of  the  high  energy  accelerator,  and 

a  working  group  was  organized  in  the  Institute  for  Nuclear  Study.  University  of  Tokyo. 

For  this  new  project  a  total  amount  of  140  M\  was  funded  for  the  period  of  1964*1969. 

The  site  of  the  new  institute  for  high  energy  physics  was  decided. 

The  Science  Council  of  MONBUSHO  advised  the  Minister  to  t       <i  a  new  institute 

of  elementary  particle  physics  with  a  proton  accelerator  with  a  quarter  of  the  budget  of 

the  original  plan 

MONBUSHO  started  the  construction  of  the  pre-injector  housing  of  the  accelerator. 

National  Laboratory  for  High  Energy  Physics  (KEK)  was  established  as  the  first  Interu- 

niversity  Research  Institute.  Dr.  S.  Suwa  was  appointed  as  the  Director  General 

The  injector  linac  accelerated  protons  to  20  MeV. 

The  booster  synchrotron  accelerated  protons  to  500  MeV. 

The  main  synchrotron  (main  ring)  accelerated  protons  to  8  GeV  ts  designed 

The  main  ring  accelerated  protons  to  1 1.8  GeV. 

Dr.  T.  Nishikawa  was  appointed  at  the  Director  General 

Paynes  Experiments  of  proton  synchro'ron  started  with  an  internal  target  bt  n  for 

counter  experiments  and  a  fast  extracted  beam  for  bubble  chamber. 

Booster  Synchrotron  Uuluation  Facility  and  Photon  Factory  were  established  Counter 

experiments  with  the  slow  extracted  beam  started. 

Continuous  12  GeV  run  started  and  kaon  beam  lines  became  available 

A  working  group  was  organised  for  the  future  plan  of  KEK.  TRISTAN 

An  Implementing  Arrangement  for  the  J  A  PAN /US  Cc  operation  in  the  Field  of  High 

Energy  Physics  was  signed  at  SLAC  between  MONBUSHO  and  the  US  Department  of 

Energy 

Experiments  with  pulsed  neutrons  and  pulsed  muons  started  at  the  Booster  Utilization 
Ftidity. 

The  TRISTAN  project  was  approved  by  the  Government  and  the  construction  started 
February.  1982  The  2.5  GeV  electron  lt.nac  and  the  storage  succeeded  in  operation  xnd 
test  experiments  started 

Experiments  with  synchrotron  radiations  started 

The  TRISTAN  Accumulation    ing  acceleiated  electrons  'o  4  5  GeV. 
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T»Me  I,  FY  l*U  totffr* 
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19.  Electron- Positron  Colliding  Ring 

20.  TRJSTAK  f xptrii*r»ta  1  Kalis 
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The  KEK  12  GeV  Proton  Synchrotron  Complex  (Injector.  Booster  and  Mam  Ring)  was  operated  for  3300  hours 
*ithlo*  failure  rote  3  %  ui  FY  W3  It  fed  I 2  x  W»  protons  to  the  *r,ous  scientific  programs-elementary  particle 
and  nuclear  physics  and  more  than  6.1  x  I0»  protons  from  the  Booster  to  applied  nuclear  physics,  material  science 
and  medicine. 

Various  studies  were  done  for  unprorements  of  the  PS  performances  The  RFQ  canty  is  being  fabricated  and  a  per. 
manent  quadrupole  magnet  has  been  installed  in  the  drift  tube  of  high  energy  end  of  the  Unac  canty.  Design  study  of 
the  additional  Louse  carity  increasing  energy  from  20  MeV  to  40  MeV  has  been  executed  with  the  half  size  model  ta- 
tty and  this  energy  increase  is  rery  destreable  for  charge  exchange  injection  to  the  Booster.  The  first  trial  of  charge  ex- 
change injection  to  the  Booster  were  made  and  in  spite  of  low  utjectum  energy  20  MeV  the  injected  beam  *as  stacked 
for  more  than  one  hundred  turns  Acceleration  of  the  polarized  protons  in  the  Unac  and  the  Booster  was  tested  for  the 
first  time  and  the  polarizations  of  the  Unac  and  Booster  beam  *ere  measured.  One  d'oolanzotion  resonance  m  the 
Booster  was  obserred  besides  two  strong  resonances  that  were  anticipated  and  studies  showed  depolamattoK  due  to  the 
third  resonance  could  be  reduced  by  installation  of  a  pulsed  quadrupole  magnet  in  the  Booster 
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Accelerator  Operation 

The  proton  synchrotron  (PS)  was  operated  for 
about  6.5  months  (thirteen  cycles)  in  total,  and  the  re- 
fular  cycle  was  ten-day  operation  Tor  every  two 
weeks.  Besides  the  regular  cyde,  the  PS  was  operated 
for  the  study  of  the  charge  exchange  injection  and  the 
acceleration  of  the  polarized  protons  for  three  cycles 
in  September  and  October.  Moreover  a  half  cycle  op- 
eration in  January  was  dedicated  for  the  medical  use 
of  the  Booster  Synchrotron  Utilization  Facility  (BSF). 

As  about  half  of  the  PS  staffs  have  collaborated 
with  the  TRISTAN  construction,  the  maintenance 
and  the  improvement  of  the  PS  arc  performed  by  the 
rest,  and  the  operation  duty  <s  equally  shared  by 
them. 

The  machine  operation  statistics  are  given  in  Table 
I  sod  Fig.  I,  and  the  statistics  from  FY  1977  to  FY 
1933  are  reviewed  in  rig.  2.  In  the  same  manner  as  in 


the  previous  year,  the  machine  down  time  concerning 
the  Booster  occupied  mo;e  than  a  half  of  the  total  due 
to  its  full  rate  operation  (20  Hz)  for  the  BSF.  The  to- 
tal of  accelerated  protons  in  the  Booster  and  in  the 
Mam  Ring  was  60.7  x  10"  particles  and  11.5  x  10" 
particles  respectively. 
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Injector 

The  beam  transport  liDe  for  750  kcV  polanzed 
beams  was  connected  to  the  old  beam  transport  tine 
Thus  tt  became  possible  to  inject  polarized  or  ordi- 
nary beams  to  Proton  Lmac 

Polarity  of  Cockcroft  Preinjcctor  was  reversed  for 
a  month  to  test  charge-exchange  injection  ot  H  to 
Booster  Synchrotron  Based  on  the  result,  conversion 
from  protons  to  H"  was  finally  decided  It  is  well 
known  that  higher  injection  energies  are  favorable  for 
the  charge-exc:iange  injection  because  of  both  loner 
energy  loss  and  smaller  multiple  scattering  in  a 
charge-stripping  foil  Then,  an  additional  hnac  tank 
was  designee4  to  increase  the  injection  energy  from  the 
present  20  MeV  to  40  MeV  It  is  a  13  m  long  Alvarez 
linac  with  35  cells  The  computer  codes  are  SUPER- 
FISH  and  PAR  MIL  A  To  fix  design  of  post  couplers. 
Ahich  iubilize  held  distribution  against  perturbation, 
a  4(H)  \Mi  model  cavity  of  15  cells  was  made  It  was 
verified  that  the  post  couplers  work  well  As  the  H 
current  is  10      20  %  of  the  present  proton  current. 


beam  loading  will  decrease  in  the  Linac  tank  20  MeV 
Proton  Linac  has  been  excited  by  two  TH516  high 
power  RF  systems  Its  excitation  power  is  I  MW 
whereas  the  beam  power  is  2,5  -  3  MW  for  the  pro- 
ton beam  and  0  6  MW  or  less  for  the  H "  beam.  Thus 
one  high  power  RF  system  is  enough  for  dnviog  the 
20  MeV  Linac  and  the  other  can  be  used  for  the  addi- 
tional tank  The  new  tank  will  be  excited  by  two-feed 
system  as  the  20  MeV  Linac  tank.  Each  RF  high 
power  will  be  divided  by  a  power  splitter,  transferred 
through  circulators  with  dummy  loads  and  coupled  to 
the  tank 

Drift  tubes  will  be  equipped  with  permanent  Q 
magnets  Although  the  ALNIiO  magnet  is  not  so 
strong  as  the  REC  magnet,  it  can  yield  the  maximum 
design  field  gradient  of  2  2  kG/cm  in  a  Q  magnet  of 
35  mm  aperture  It  can  be  magnetized  or  demagne- 
tized in  the  hnac  tank  This  is  advantageous  for  as- 
sembling the  dnft  tubes  and  aligning  them  in  the  tank. 
An  ALNICO  Q  magnet  was  installed  to  the  last  dnft 
tube  of  the  20  MeV  Linac  tank  It  has  worked  already 
lor  a  half  year  without  trouble. 
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As  the  first  step  of  ihc  RF  system  renewal  pro- 
gram, the  power  supply  of  ihe  buncher  was  replaced 
It  has  three  RCA  7651  amplifiers,  one  for  the  de- 
buncher  and  the  others  for  the  prebuncher  They  are 
carefully  shielded  to  reduce  RF  leakage 

An  radiofrequency  quadrupole  hnac  (RFQ)  is  be- 
ing made  Its  injection  and  final  energies  are  SO  and 
750  keV  It  is  to  be  used  as  the  third  injector  of  Pro- 
ton Linac. 


Rf.  3.  4M  MHz,  15  ccU  moid  Ahmrx  bmcemrtij.  FVW  JMrftatfM 


H  Charge-Exchange  Injection 


Charge-exchange  injection  of  H "  is  an  attractive 
method  to  increase  beam  intensity  in  a  proton  syn- 
chrotron with  lower  beam  loss  at  injection  To  apply 
it  to  Booster  Synchrotron,  a  multicusp  H~  ion  source 
was  developed  and  installed  directly  to  the  high  gradi- 
ent accelerating  column  for  the  cor  ventional  duoplas- 
matron  It  has  a  molybdenum  converter  with  cesium 
layer  When  its  cathode  filament  was  heated  by  an  al- 
ternating-current of  SO  Hz,  beam  intensities  scattered 
frop  pulse  to  pulse  and  life  of  tungsten  filament  was 
unexpectedly  short  These  were  eliminated  by  direct- 
current  heating  After  suitable  preparation  of  the  con- 
verter, a  20  mA  H~  beam  was  extracted  from  the 
source  and  accelerated  to  750  keV  It  was  very  stable 
Its  normalized  emittance  was  0  17  n  enrmrad  at  the 
entrance  of  Proton  Linac  As  the  beam  width  should 
be  extended  from  5  us  of  protons  to  100  us  of  H" 


ions,  the  RF  system  of  Proton  Linac  was  slightly 
modified  and  adjusted  8  5  mA  H  out  of  the  injected 
beam  was  accelerated  to  2C  MeV. 

The  first  test  expenment  on  the  H  charge-ex- 
change injection  at  Booster  Synchrotron  was  earned 
out  during  three  weeks  from  the  end  of  September 
1983  The  system  for  the  multi-turn  injection  by  pro- 
tons was  replaced  by  an  H"  charge-exchange  injection 
system,  which  consists  of  four  orbit  bump  pulsed 
magnets,  a  septum  magnet,  a  set  of  profile  monitors,  a 
charge  stnpper  foil  holder  and  a  new-foil  magazine. 
H~  ion  beam  delivered  from  the  20  MeV  injector  li- 
nac ranged  from  several  hundred  uA  to  several  mA, 
and  reached  8  mA  at  the  end  of  the  test  penod.  In  or- 
der to  understand  the  accumulation  process  of  proton 
beam  in  Booster,  measurements  were  done  on  various 
kinds  of  items;  emittance  of  the  20  MeV  H"  ion 
beam,  beam  size  of  stacked  beam,  energy  loss  of 
sucked  beam  in  traversing  the  stnpping  foil,  injected 
beam  pulse  width-  and  intensity-dependence  of  stack- 
ing efficiency,  etc.  Particularly,  the  measurement  of 
the  energy  loss  of  the  stacked  beam  m  traversing  a 
120  ug/cmJ  thick  stnpping  foil  offered  an  information 
that  the  hitting  probability  of  circulating  proton  beam 
on  the  foil  was  unexpectedly  low,  namely,  the  protons 
hit  the  foil  every  four  revolutions  This  fact  in  combi- 
nation with  the  expen mental  results  of  the  stacking 
efficiency  led  to  a  conclusion  that  a  large  injection  er- 
ror took  place  and  the  betatron  oscillation  amplitude 
induced  by  this  error  was  estimated  to  be  10  mm  to 
37  mm  which  should  be  compared  with  the  effective 
honzontal  semi-aperture  of  40  mm  in  Booster.  It  was 
also  found  that  the  stacking  efficiency  started  to  de- 
crease with  the  increase  of  stacked  protons  at  the  in- 
tensity level  of  about  1.3  x  10 12  protons.  While  the 
stacked  beam  by  the  multi-turn  injection  with  proton 
is  at  around  1.4  x  10s 2  protons  in  the  typical  opera- 
tion, the  maximum  stacked  beam  intensity  of  2  I  x 
1012  protons  was  attained  with  a  8  mA  100  jas  wide 
H"  ion  beam  In  spite  of  a  beam  loss  dunng  acceler- 
ation due  to  an  accidental  trouble  in  the  RF  accelerat- 
ing system,  the  maximum  output  intensity  of  7  I  x 
10"  protons  per  pulse  was  recorded  as  shown  in  Fig 
S  at  the  end  of  the  test  penod,  which  is  a  new  record 
in  Boos'.t  Synchrotron  The  charge-exchange  in- 
jection has  never  been  tned  with  such  low  injection 
energy  as  20  MeV  However,  the  lest  expenment  has 
proved  this  injection  method  appears  to  be  quite 
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promising  for  increasing  the  beam  intensity  of  Booster 
Synchrotron 


fig.  I  Mrtfcap  H"  b«MvctfM4rtoatwtteltoMfbfra4l«t  j 


coN  is  Bowter  SjmdrMra.  KorftMtel  tc*lr  5  m/tfr.,  m- 
tfcUtctlr  2  x  10"  pre(ow/«T 


Acceleration  of  Polarized  Proton  Beam 

The  optically  pumped  polanzcd  ion  source  has 
been  developed  for  high  intensity  polanzcd  H" 
beams  It  consists  of  four  parts,  a  16  5  GHz  ECR  pro- 
ton source,  a  Na.cell  and  lasers  which  polanzc  valen 
electrons  of  sodium  atoms,  ordinary  zero-crossing 
magnetic  fields  and  the  other  Na  ce.     r  production 


ot  negative  ions  It  was  already  installed  in  the  high 
voltage  terminal  of  750  kV  Preinjeclor  m  FY  1982. 
The  source  has  been  improved  further  as  follows  A 
single  hole  extracting  electrode  of  the  ECR  source  was 
replaced  by  a  set  of  three  electrodes  with  mulu-sliU, 
The  ECR  source  itself  was  equipped  with  multicusp 
magnetic  field  A  recycling  system  was  introduced  to 
the  Na  cells  for  longer  term  operation.  A  closed  loop 
was  made  for  stable  operaLon  of  the  laser.  It  includes 
a  single  frequency  dye  laser,  a  wave  meter  and  a  per- 
sonal computer.  It  almost  removed  frequency  shifts 
caused  by  mode  hop  of  the  laser  A  40  m  beam  line 
was  assembled.  It  guides  the  polarized  beam  from  the 
Wien  filter,  which  follows  the  accelerating  column,  to 
20  MeV  Proton  Unac  It  was  tuned  to  750  keV  H" 
ions  by  computer  (ECRIPS  S-140)  system  The  ion 
source  is  controlled  by  the  same  system  through  op- 
tical fibers.  High  gain  current  transformers  (5  uA/V) 
and  sensitive  beam  profile  monitors  were  developed 
satisfactorily.  Figure  6  shows  dependence  oc  the  polar- 
ization and  beam  intensities  on  beam  sizes. 

The  first  acceleration  test  of  polarized  protons  was 
performed  in  KEK  Proton  Synchrotron  Since  the 
study  time,  about  three  weeks,  was  not  enough  to  in- 
vestigate depolarizations  both  in  Booster  and  Main 
Ring,  depolarization  m  500  MeV  Booster  Synchrotron 
w»s  investigated  as  the  first  step  of  this  program.  The 
po*inzcd  H "  beam  accelerated  by  20  MeV  Proton  Li- 
nac  is  injected  into  Booster  Synchrotron  with  a 
charge-exchange  injection.  The  polanzcd  proton  was 
accelerated  up  to  500  MeV  m  Booster  and  then  in- 
jected to  Main  Ring  The  polarization  of  the  Unac 
beam  was  measured  by  the  20  MeV  polan meter  which 
was  installed  in  the  beam  transport  line  from  Lmac  to 
Booster.  In  oider  to  investigate  depolarization,  an  in- 
ternal polan  meter  15  installed  m  the  long  straight  sec- 
tion II-2F  of  Main  Ring  Dcpolanzabon  in  Booster 
was  investigated  by  measuring  beam  polarization  at 
500  MeV  with  the  coasting  beam  in  Main  Ring 

The  intensities  of  polarized  proton  beam  at  vari- 
ous stages  of  the  accelerator  were  as  follows* 
ION  SOURCE  (H  "  f,  750  keV)    5-10uA  (p-ilsc 

duration  75  us), 
LINAC  (H-  1. 20  MeV)    o.5-luA  (puU 

duration  75us) 
BOOSTER       (pi,  500  MeV)      »-3  x  I0U  p/bunch 
M  R  (pi .  500  MeV)        1-2x10  p/buiwh. 
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We  have  not  installed  any  equipment  to  reduce  depo- 
larization in  Booster  because  spio-fLp  is  expected  for 
the  two  strong  resonances  at  yG  «•  2  (108  MeV)  and 
yG  -  v,  (~  260  MeV)  The  polarizauons  of  the  po- 
larized beam  were 

LINAC  rfLINAC.  20  MeV)  -  47  ±  6-56  ±  8  % 
MR  p(MR,  500  MeV)    -  12  ±  2-15  ±  2V. 

About  25  %  of  the  Liaac  beam  polarization  was  kept 
in  Main  Ring  at  500  MeV.  In  order  to  investigate  the 
resonance  strengths,  the  beam  polarization  was  meas- 
ured by  varying  the  vertical  beam  size  using  the  fast 
rota  ting-beam -scraper  and  by  varying  the  vertical 
doted  orbit  distortion  (COD)  using  a  pulsed  dipole 
magnet  (vertical  deflector)  in  Booster. 
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Figure  7  is  the  dependence  of  the  beam' polariza- 
tion at  500  MeV  on  the  vertical  beam  size  in  Booster 
The  polarization  is  positive  if  the  polarization  Mips  on 
passing  through  two  strong  resonances  in  Booster 
This  result  shows  that  the  resonance  strength  of  the 


intrinsic  resonance  yG  -  v,  is  strong  enough  for  spin- 
flip  since  the  beam  polanzation  2bps  on  crossing  this 
resonance  until  the  vertical  beam  emittance  decreases 
to  about  l/IOOof  usual  one. 
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Figure  8  is  the  dependence  of  the  polan&ilion  on 
the  excitation  current  of  the  vertical  deflector.  The  im- 
perfection resonance  yG  -  2  in  Booster  is  also  strong 
enough  for  spin-flip.  At  the  excitation  current  of  169 
A,  the  resonance  strength  of  the  imperfection  reso- 
nance became  weak  and  polarization  reversed  since 
the  vertical  COD  was  reduced  at  this  current 

In  order  to  investigate  the  large  depolarization  in 
the  booster,  we  changed  the  vertical  tune  y,  by  excit- 
ing the  correction  quadrupole  magnet  above  250 
MeV.  Figure  9  shows  the  dependence  of  the  polariza- 
tion on  the  excitation  current  of  this  magnet  Abou' 
40  %  of  the  Linac  beam  polarization  was  kept  in 
Main  Ring  at  500  MeV  at  the  excitation  current  of  60 
A  It  is  expected  from  this  result  that  other  weak  res- 
onances, for  example  the  yG  ■  5  -  v,  resonance  due 
to  the  symmetry  breaking  of  the  machine  or  the  reso- 
nances due  to  the  sextupole  held,  cause  large  depolari- 
zation In  order  lo  reduce  depolarization  by  such 
resonances,  we  are  planning  to  install  the  pulsed  qua- 
druple magnet  in  Booster  in  1984.  Moreover,  we 
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hive  to  dcvclopc  the  beam  monitoring  system  for  RF 
control  of  Main  Ring  to  accelerate  the  low  intensity 
beam  of  <  10*  p'bunch  stably  since  SfN  ratio  of  the 
presnt  beam  monitoring  system  is  not  enough  for  RF 
control. 


S 
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Suptrconductivt  Energy  Stortgt 


Optimlxarion  of  S«percon4«ctire  Magnetic  Eaergy  Sto- 
rage (SMES)  S)*t«o 

The  capiul  cost  of  the  SMES  system  depends  on 
many  kinds  of  factors.  The  mam  contributed  factors 
to  the  cost  are  superconductor,  supporting  structure 
for  magnetic  force,  construction  in  rock  and  a  site, 
and  related  to  a  parameter  of  aspect  ratio  which  is 
defined  as  the  ratio  of  the  height  to  the  diameter  of 
the  solenoid.  Then  the  capital  cost  of  the  system  is  a 
function  of  the  aspect  ratio.  The  study  revealed  the 
optimum  value  of  the  aspect  ratio  as  shown  in  Fig. 
10 


01         .02  .05  I 

Mp*ct  ratio 


Hf.  10  RtUtfocaaiCftlcwtorSMESn.  ataictrati*. 


Srady  of  protection  of  Mpercoorinctire  cods 

Superconductive  coils  quench  when  thermal  or  me- 
chanical disturbances  result  in  forcing  the  coils  unsta- 
ble. In  some  cases,  the  quenched  ^ls  have  been 
damaged  by  thermal  stresses  or  electrical  breakdown' 
The  simulation  has  been  performed  for  protecting 
coils  from  damage  caused  by  the  quench.  Such  quench 
mechanism  and  protection  methods  will  be  investi- 
gated by  using  the  model  magnet  which  has  been  built 
according  to  the  results  of  the  simulation. 
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The  TRISTAN  project  has  been  put  under  a  new  project  organization  scheme  since  April  I.  1983.  in  order  to  pro- 
vide mare  cohesive  execution  of  the  project  and  to  esiobltsh  a  clear  line  of  responsthtltti  Although  the  project  has  con- 
tmued  to  be  carried  out  in  close  collaboration  with  other  deportments  at  the  laboroton  (particular!*  of  the 
Accelerator  Department  and  the  Physics  Department)  the  Accumulation  Ring  Department,  the  Main  Ring  Department, 
ond  the  Colliding  Beam  Detector  Department  became  the  centers  of  actmti  for  construction  oj  the  accelerators  and 
detectors,  respectively,  under  the  project  directorship  Thus,  starting  w  tth  this  topic,  activities  reloted  to  the  TRISTAN 
project  Hill  be  summarized  in  subsequent  sections,  each  under  us  own  heodtng 

With  substantial  increase  in  budget  and  man  power,  the  construction  of  the  TRISTAN  accelerators  and  detectors 
has  shown  a  mc;or  step  forward  Highlights  of  the  progress  on  ,he  project  for  this  lear  include  the  lommisstontng  of 
the  Accumulation  Ring  on  November  18.  1983  Exactly  two  years  from  the  date  of  ground  breaking  for  this  ring,  con- 
struction of  the  Accumulation  Ring  complex  was  completed  and  an  acceleration  of  electrons  to  4.2  GeV  was  success- 
fully  achieved,  establishing  a  world  record  for  the  construction  speed  of  an  accelerator  of  this  magnltuJe  In  the  area  of 
the  Mam  Ring,  two  of  the  four  experimental  halls.  »nd  the  west  tunnel  are  taking  shape  and  the  cm!  construction  on 
the  rest  of  the  experimental  halls  and  tunnels  began  By  the  end  of  the  fiscal  year,  the  shape  of  the  entire  Mam  Ring 
complex  becarre  ustble  Regrettably,  however,  construction  of  the  south  tunnel  compelled  the  12  GeV  Proton  Synchro- 
tron to  be  shut  down,  stopping  all  research  activities  w  tth  this  comple  x.  since  the  tunnel  has  to  be  dug  under  the  exist- 
ing structure  of  this  accelerator  A  major  portion  of  the  Mam  Rmg  magnets  has  been  delivered,  tested,  and  stored  m  an 
assembly  hall,  watting  for  installation  in  the  tunnel  The  6000  square  meter  assembly  hall  was  completed  during  this 
fiscal  year  as  t  staging  area  for  the  TRISTAN  accelerators  ana  experiments,  A  building  to  house  a  200  MeV Latac  for 
positron  generation  is  almost  complete  at  the  upstream  end  of  the  2.5  GeV  electron  Unac. 

With  extension  of  the  capabilities  of  TRISTAN  in  mind,  an  intensive  development  program  for  superconducting  RF 
■.amies  has  co.it mued  and  another  program  for  superconducting  quadruple  magnets  was  initiated  The  cavttx  will  en' 
hance  TRISTAN'S  energy  capability  and  the  quadrupole  will  enable  us  to  use  mini,  or  micro  beta  optics  for  higher  lu- 
minosity 

It  the  area  of  detector  development,  we  have  started  to  receive  dehxertes  of  equipment  from  manufacturers  The 
first  mctor  item  receded  was  th*  shell  structure  of  the  central  drift  chamber  for  VENUS,  which  measures  2.5  meters  m 
dumetet  and  is  3.0  meters  m  length 

The  J  our  ih  meeting  of  TP  AC  was  held  on  November  8-10.  t983.  and  recommended  approval  of  a  proposal  presented 
to  it  by  *rof  S  Olsen  of  Rochester  University.  U  SA  .for  the  AMY  collaboration.  The  AMY  program  is  to  be  sup- 
ported u  ider  the  cooperation  of  the  U.S  A  and  Japan. 

The  project  as  a  whole,  including  the  cml  c.  .structton  of  facilities  and  the  preparation  of  technical  components  for 
the  s<aw  Ring  and  detectors,  is  progressing  steadily  and  well  The  detailed  progress  made  in  each  area  of  the  project 
will  be  p'tsemed  in  ihe  reports  which  follow. 
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ACCELERATORS 


Overview  of  th«  Project 

The  TRISTAN  project  as  cun  it]*  envisaged  is  to 
construct  to  electron- positron  colliding  beam  acceler- 
ator with  the  center  of  mass  energy  in  the  range  of  60 
CcV.  The  project  was  approved  by  the  Government 
and  began  in  April  1981  as  a  five-year  program. 

The  accelerator  complex  cooststt  of  four  acceler- 
ator units.  Electrons  and  positron*,  are  accelerated  to 
2.5  *  3  CcV  tn  an  electron  hnac  which  is  currently 
used  for  the  Photon  Factory  and  injected  into  the  Ac- 
cumulation Ring.  Positrons  are  produced  by  a  high 
intensity  electron  hnac  of  200  MeV,  which  is  being 
constructed  with  the  target  date  of  completion  in  FY 
19*4.  The  Accumulation  Ring  (AR)  is  a  storage  accel- 
erator of  377  m  to  circumference  and  accelerates  elec- 
trons and  positrons  to  8  CcV  pnor  to  injection  into 
the  main  electron-positron  colliding  beam  ring.  The 
Main  Ring  (MR)  has  a  circumference  of  3  km.  Four 
arcs  of  347  m  in  average  radius  are  joined  by  four 
long  straight  sections  of  194  m  in  length  Two  elec- 
tron and  two  poJtron  bunches  circulating  in  the  op- 
posite direction  will  make  collisions  to  each  other  at 
the  middle  of  four  straight  sections.  A  major  part  of 
each  straight  section  will  be  filled  with  rf  accelerating 
cavities,  leading  relatively  short  section  to  install  a 
colbding  beam  detector.  The  Accumulation  Ring  is  in 
op~i«u<~n  The  civil  construction  of  accelerator  tun- 
nels, as?ock«rd  facilities,  and  experimental  halls  as 
well  as  the  fcb.icaoon  of  accelerator  technical  compo- 
nents and  detectors  are  m  progress. 

TUte  1.  Dole*  ptrwMtcrt  *f  tV-  T1USTAN  MR  sa4  AR 


Mm)  e*e" 
collider 


Actum  u  to  km 
not 


Circumference 

Average  rates  of  curved  ucikmi 
Log*  ttr»igk(  icaxxn 

Toui  knjih  of  RF  uxuom 
V  frequency 
UXtKM  energy 
Miximam  energy 
Number  of  murtcttoo  rejnoiu 
Mix  d«sA  luminosity 


Mil  Im 
346  7m 
4xl9«  4m 

320ra 
501  6MHi 
6-1  CeV 
25—30  CeV 


377  0m 
47.7m 
2x(l9.Jm 
♦  19  im) 

30m 
)0C6MHx 
2  5-3  GeV 
6—1  GeV 


A  site  layout  of  the  TRISTAN  complex  is  shown 
in  Fig  1  Design  parameters  of  the  AR.  MR  are  listed 
m  Table  I 


Sit*  bye*  4  tkc  TRISTAN  prefect  I.  TRISTAN  MR.  2. 
TRISTAN  AR.  3.  2.5  GeV  Electree  Umc  4.  tmitrm  tMrc* 
llmte.  $.  12  CeV  PretM  Synefcnxrea.  6.  PWm  Ftctory  *Wc- 
trM  storage  rUf . 
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Accumulation  Hing 

The  TRISTAN  Accumulation  Ring.  AR.  came 
into  operation  Tor  beam  tesi  in  October  1983  The 
beam  commissioning  took  place  as  follows 

Oct.  19  and  26 

Transport  of  a  2  5  GeV  electron  beam  from  the  injec- 
tor Itnac  to  the  AR  injection  point  The  operational 
parameters  or  the  beam  transport  line  were  settled, 

Nov.  9  and  1 I 

Tuning  of  the  injection  and  main  lattice  elements  Tor 
a  full  beam  turn  in  AR  The  beam  was  observed  to 
survive  for  about  500  jucc  after  injection  with  no  rf 
acceleration. 

Nov  16  and  18 

Accumulation  and  accelerauon  or  the  beam  were  tned 
with  an.  rf  acceleration.  An  accumulated  beam  of 
about  0  5  mA  was  successfully  accelerated  to  4.2  GeV. 
which  was  limited  by  a  capability  or  the  rf  system  in- 
sulted. Figure  2  shows  a  synchrotron  light  spot  of  the 
circulating  beam  seen  on  a  TV  screen. 


fig.  2.  SrtctrttrM  light  tftt  *f  tto  AK  dmiatS*  btta  mm  m  • 

TV  term- 
Through  the  imual  operation,  it  was  proved  that 
the  whole  AR  system  worked  duly  as  designed  Espe- 
cially such  a  smooth  beam  commissioning  was  ena- 
bled by  the  wholly  computeiued  control  system  which 
had  newly  been  developed  Figure  3  shows  an  exam- 
ple of  the  control  panel  Horizontal  and  vertical  beta- 
tron functions  (p„  p,)  and  dispersion  function  lrjt)  are 


plotted  on  the  graphic  display.  All  the  control  func- 
tions are  executed  through  the  touch  panels  as  shown 
below  the  display. 

After  tiie  commissioning.  AR  had  been  operated 
about  50  hours  for  every  week  ull  the  end  of  March 
1984  The  operating  time  was  put  in  accelerator  stu- 
dies and  preparation  of  two  internal  target  beam  lines 
to  provide  high  energy  electrons  for  calibration  of 
lead  glass  counters 

The  results  of  accelerator  studies  are  summarized 
as  follows. 

Maximum  •  nergy 

An  accelerauon  to  higher  energies  was  suit  restricted 
by  the  rf  system  The  beam  energy  of  5  2  GeV  was 
achieved  in  Dec.  1983  with  use  of  two  disc  and  washer 
type  cavities  fed  by  a  500  MHz  klystron  of  I  M W  de- 
sign power.  Total  length  and  shunt  impedance  of  the 
cavities  are  about  10  m  and  250  MQ.  respectively. 
The  maximum  rf  power  which  the  klystron  can  deliver 
remains  to  be  about  250  kW  due  to  /a nous  technical 
problems. 

Maximum  current 

A  'angle  bunch  beam  current  up  to  66  mA  could  be 
accumulated  at  2.5  GeV  What  limited  the  current 
was  a  large  pressure  increase  in  the  cavities  which 
tripped  the  rf  power  As  the  average  vacuum  deteri- 
orated considerably  due  to  the  effect  of  the  synchro- 
tron light  generated  by  the  beam,  the  single  beam 
lifetime  was  sull  very  short,  about  half  an  hour. 

Lattice  parameters 

After  surveying  several  tune  parameters  for  better  in- 
jection efficiency  and  beam  stability,  the  horizontal 
and  vertical  betatron  tune  were  chosen  tp  be  v,  - 
10.17  and  v,  -  10.24,  A  very  good  agreement  be- 
tween the  measured  tunes  and  the  predicted  ones 
proved  that  the  absolute  strengths  of  the  latuce  mag' 
net  system  were  well  calibrated. 

Oozed  orbit  distortions 

Displacements  of  the  closed  orbit  from  the  central 
axis  of  the  lattice  quadrupole  magnets  were  measured 
by  use  of  83  electrostatic  type  position  monitors  dis- 
posed around  the  nng  Average  displacements  ob- 
tained were  about  4  mm  and  1.6  mm  in  the  horizontal 
and  vertical  direction,  respectively,  and  consistent 
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three -cell  500  MHz  superconducting  cavity  was  in- 
stalled in  the  nog  and  submitted  lo  various  kinds  of 
operational  tests  without  beams  Then,  it  is  planned  to 
accelerate  beam  with  this  cavity  at  the  beginning  of 
the  next  series  of  the  AR  operation  starting  from  Mj\ 
1984 

Mam  Ring 

Based  on  the  \cr>  successful  results  in  AR.  the  con- 
struction of  accelerator  eiemenis  of  the  TRISTAN 
Main  Ring.  MR  is  du!\  in  progress 

M<nt  ol  the  MR  mjin  tending  and  quadrupole 
magnets  have  been  labniated  arvJ  deluered  to  KEK. 
Alter  bemt  submitted  to  the  magnetic  iield  mejsure 


ment.  the  magnets  are  stocked  in  an  assembly  hall  as 
shown  in  Fig  5  Figure  6  illustrates  geometrical  aper- 
tures of  the  magnets  together  with  cross  sections  of 
the  vacuum  tubes  Installation  of  the  magnets  in  the 
MR  tunnel.  Ftg  7  is  scheduled  to  start  in  September 
1984. 

The  press  nt  bending  magnet  system  is  designed  to 
be  operative  at  beam  energies  as  high  as  40  GeV. 
While  the  working  energy  of  the  quadrupole  magnet 
system  will  be  limited  at  about  35  GeV,  To  go  beyond 
this  it  might  be  needed  to  replace  some  of  (he  qua- 
drupole  magnet*  with  superconducting  ones 

As  a  I  read  i  known  the  highest  attainable  beam  en* 
ei/j  of  MR  is  determined  b>  an  available  accelerating 
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f 'K  6  G.<xnrfrkfl  iKrtWfi  of  (W  TRtSTANMR  bttrfiif  uW  qu- 
itupok  mifoet.  Abo  vV>»»  arc  CTOM-ttttkxn  of  tto  «nmi 
tvbts. 

rf  volugc  For  instance,  a  peak  rf  voltage  «*i  about 
383  MV  will  be  required  at  30  GeV  In  the  case  of  the 
conve  monal  room  temperature  cavity,  the  cavity  wall 
loss  is  a  significant  part  o!  the  rf  power  consumption 
Then  a  cavity  ol  higher  shunt  impedance  is  desirable 
for  generating  larger  accelerating  voltage  within  a  lim- 
ited power  However  it  should  be  noted  that  j  large 


FIf.7.  Crws-tcrtiM  of  tto  THISTAN-MX  t*Mci  to  »*  art. 

impedance  also  implies  a  strong  coupling  between  the 
beam  and  cavity,  and  may  cause  a  sen o us  beam  insta- 
bility After  extensive  development  works,  we  have  de- 
cided to  adopt  the  alternating  periodic  structure,  APS, 
for  the  MR  accelerating  cavity  APS  is  a  confluent 
type,  in  which  the  TM0i  mode  has  a  finite  group  ve- 
locity at  the  accelerating  frequency,  and  has  wide 
mode  separations  compared  with  ordinary  slot -cou- 
pled cavities  One  of  the  most  desirable  of  the  present 
APS  is  that  it  has  a  perfect  axial  symmetric  structure 
and  is  expected  to  behave  in  accordance  with  com* 
puter  calculations  A  unit  of  the  MR  rf  cavity  is  a 
9*cell  APS.  the  cell  unit  of  which  has  dimensions  as 
shown  in  Fig  8.  The  shunt  impedance  of  the  cavity 
thus  designed  is  calculated  to  be  28.2  Mfl/ra  with  use 
of  the  computer  code  SUPERFISH,  and  (hat  of  the 
practical  o*  t  is  expected  to  be  not  less  than  80  %  of 
this  fig  The  cavity  body  will  be  made  of  a  low 
carbon  steel.  A  copper  layer  of  abou:  0  2  mm  thick  is 
electroplated  on  the  inner  surface  in  a  pyrophosph* 
rous  acid  bath  Figure  9  shows  a  picture  of  the  9-ccll 
APS  test  cavity  under  fabrication 

In  parallel  with  the  conventional  room  temperature 
cavity,  extensive  works  are  going  on  to  develop  a  500 
MHz  superconducting  cavity  for  practical  use  in 
TRISTAN  As  desenbed  bciow  recently  a  three  cell 
cavity  has  been  fabricated  to  make  an  acceleration  ex- 
periment in  AR  The  preliminary  test  of  the  cavity  at 
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4  2  K  in  4  vertical  cryostat  has  proved  that  an  attain- 
able accelerating  field  might  exceed  5  MV/m,  and  has 
Jtrongl)  encouraged  a  possible  extension  or  the  MR 
beam  energy  to  considerably  higher  values  than  the 
originally  designed 

In  building  the  MR  rf  system,  we  are  going  to  pro- 
ceed on  the  lotlowing  plan.  As  the  hist  stage,  we  will 
fill  three  K>ns  rr  sections.  Fuji.  Oho,  and  Tsukuba 
vide  vuih  |iu  units  of  the  room  temperature  Q-cell 
\PS\a\itu's  .md  th  remaining  one.  Nikko  side,  with 
40  units  nl  the  vunerconducting  cavities  The 

constrict  ion  ot  the  nvom  temperature  cavity  system  is 
scheduled  to  ukc  about  itto  and  j  half  years,  and  it 
will  tale  at  leasi  »nc  in»>re  \ear  to  complete  the  super- 
cond*  ling  cauiv  svstem  The  highest  MR  beam  en- 
crgy  attainable  wiih  this  r»r%t  state  rt  system  tj 


esumated  to  be  about  33  GeV.  provided  (hat  the 
9 -cell  APS  cavity  unit  is  operated  at  the  largest  avail- 
able input  rf  power  of  ISO  kW.  corresponding  to  a 
field  strength  of  1  I  MV/m.  and  the  5-ccll  supercon- 
ducting cavity  unit  produces  a  field  strength  of  4  3 
MV/m  at  the  highest  To  reach  higher  beam  energies, 
we  intend  to  replace  the  room  temperature  cavities 
with  the  superconducting  ones  successively  in  the  later 
stage. 

As  shown  in  Fig.  10.  a  room  temperature  cavity 
composed  of  9-ceil  APS  cavity  units  is  insulted  in  an 
rf  straight  section  between  the  lattice  quadrupole  mag- 
nets An  output  of  a  I  MW  klystron  will  be  delivered 
to  four  9-cell  APS  cavity  units,  after  being  fed 
through  a  circulator  and  equally  divided  into  four  by 
magic  tees.  Figure  11  shows  construction  work  for 
one  of  the  MR  long  straight  sections  to  install  rf  cavi- 
ties. 


m  JtjtCm  or  T*  ram** 


FlC.  10.  S*l*9  *f  iW  TRISTAN-MR  rf  tynrm  far  tto  APS  cvritiM. 


24 


BEST  COPY  AVAILABLE 


368 


FIf.lt.  C&mmakm  — A  ttttmtt  ikMt  ht«ra%M  wctfan  t* 
iMttN  if  mvMnl 


Dtvalopmtnt  of  Supercc  g  Cavities 

Sidcc  1979  we  have  been  working  on  500  MHz  mo* 
biura  single  cavities  Typical  results  were  Qo  at  low 
field  of  4.2  x  10*  and  accelerating  field  gradient  of 
6 5  MV/m  at  42  K  In  FY*  1983.  a  three-cell  508 
MHz  structure  has  been  built  and  pretested.  The 
structure  has  an  input  rf  coupler  ports  on  the  center 
ceil,  two  higher  mode  coupler  ports  on  each  cell  as 
shown  in  Fig  12.  Fabrication  and  surface  treatment 
techniques  were  similar  to  those  for  the  previous  *in- 


Flf.  12.  TWfl  m  MHz  Mrecfwt. 

gle  cells.  Pnor  to  assemble  the  three-cell  structure, 
each  cell  was  tested  as  the  single  cell  with  beam  tube. 
Accelerating  gradient  has  been  improved  by  successive 
grinding  and  surface  treatment  after  each  test  of  the 
single  cell  After  assembled  to  the  three-cell  structure, 
it  has  been  tested  at  first  in  a  vertical  cry os tat  with  all 
coupler  ports  blanked  off.  Qo  at  low  field  of  1.3  *  10* 
and  accelerating  gradient  of  E««  >  5  2  MV/m  were 
obtained  at  42  K  Maximum  EM  was  limited  by 
available  rf  power. 

The  three-cell  structure  has  been  assembled  with 
the  input  coupler,  three  higher  mode  couplers  and  a 
frequency  tuning  mechanism  m  a  horizontal  cryostat 
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and  installed  in  the  TRISTAN  accumulation  tun.iel  to 
do  the  beam  test.  Figure  13  shows  the  cross-sectional 
view  of  the  cryostat 

Superconducting  Insertion  Quadrupole 
Magnet  for  the  TRISTAN  Main  Ring 

In  order  to  increase  the  luminosity  for  e*e~  colli* 
sions  in  the  TRISTAN  Main  Ring,  superconducting 
low  P  insertion  quadrupole  magnet  was  designed.  The 
main  parameters  of  the  quadrupola  are  given  m  Ta- 
ble 2  and  the  cross-sectional  structure  is  shown  in  Fig 
14 

Due  to  the  high  field  gradient  and  the  large  coil 
innner  diameter  (J  °.),  lnc  required  ampere-turns  per 
pole  are  very  large.  On  the  other  hand,  the  coil  outer 
diameter  (O  D )  is  restricted  by  the  requirements  of 
the  colliding  beam  detectors  These  situations  imply 
that  the  ceil  current  density  must  be  as  high  as  possi- 
ble 

In  FY  1983.  an  exccli  .t  high  current  density 
NbTt/Cu  superconducting  cable  was  developed  for 
these  quidrupoles  The  superconductor  to  coppc  ra- 
tio of  the  cable  is  I  to  1  I  Twenty-seven  NbTi/Cu 
strands  are  compacted  into  a  keystoned  Rutherford 
cable  The  average  current  density  ic  the  cable  is  609 
A/mm2  at  6  T  and  4  2  K 

The  construction  of  a  prototype  quadrupole  mag- 
net will  start  in  FY  1984 


Table  2.  M»(a  PiniMtm  of  SiprrcoMvctlNt 
Insertion  Qusdrupote  Magaet 


Fkid  trtdKM 

70  T/m 

Coil  current 

348)  A 

Magnetic  length 

1  m 

Turns  per  pole 

12? 

Co»ll  D 

140  mm 

Co»lOD 

217  mm 

:*i>rcd  energy 

75  U 

Fig  14  C  low-MftMMUl  iirccivrr  of  insertion  q«*4>vpotc  magnet 


PHYSICS 


At  the  end  of  M  trch.  1983.  the  laboratory  gave  full 
approval  to  the  VENUS<TE-00l)  and 
TOPAZ(TE-002)  proposals,  following  the  recommen 
dation  of  TPAC  (the  TRISTAN  physics  program  ad- 
visory committee)  With  this  authonzation.  the 
VENUS  and  TOPAZ  collaborations  nave  been  work- 
ing with  enthusiastic  efforts  to  construct  their  detec- 
tor* and  to  nuke  them  ready  for  operation  beginning 


from  the  first  day  (t  -  0)  of  TRISTAN  e*  e"  collider 
operation 

!n  general,  construction  work  for  thi  TRISTAN 
experimental  halls  (FUJI.  TSUKUB  ,  OHO  and 
NIKKO)  as  well  as  for  VENUS  and  TOPAZ  detec- 
tor components  has  been  earned  out  quite  smoothly 
In  the  March  TPAC  meeting,  in  reviewing  the  recent 
progress  in  the  CERN  SppS  collider  ex  pen  menu,  in 
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particular  the  discovery  of  ihc  long  awaited  and 
Z°  bosons,  it  was  suggested  that  preparations  should 
be  made  for  unexpected  physics  results  Among  other 
things,  it  was  emphasized  that  the  TRISTAN  energy 
should  be  as  nigh  as  possible,  with  additional  efforts 
to  employ  superconducting  cavities  in  the  Main  Ring 
Low  beta  superconducting  quads  in  the  interaction  re- 
gions were  also  strongly  recommended  from  the  poin» 
of  view  of  improving  luminosities  This  may  add  even 
wider  capability  to  the  physics  potential  of  TRIS- 
TAN, a?  we  discussed  m  the  198*  annual  report  Ex* 
tensive  ei Forts  have  been  underway  for  developing 
these  cryogenic  facilities. 

Following  the  recommendation  made  in  a  tentative 
approval  at  the  March  TPAC  meeting,  the  TPAC  met 
again  in  November.  1983  in  order  to  review  the  full 
proposals  of  AMY  and  HRS,  both  of  which  are  col- 
laborations between  United  States  and  Japanese 
groups,  submitted  to  the  laboratory  after  further  ef- 
forts in  refining  their  experimental  plans  and  in 
strengthening  their  physics  capabilities  The  HRS  col- 
laboration with  its  currently -working  detector  featur- 
ing a  very  high  resolution  spectrometer,  aimed  to  be 
the  first  t  -  0  detector  in  the  TRISTAN  collider,  in 
order  to  explore  toponium  physics  The  AMY  collab- 
oration, proposing  a  new  detector  with  a  very  interest- 
ing concept  f*»r  making  a  rather  compact  but  very 
capable  detector,  had  as  experimental  objectives  the 
study  of  various  toponium  physics  as  well  as  interfer- 
ence phenomena  around  the  hitherto  totally  unex- 
plored energy  region  50  <  <  70  GeV,  just  below 
the  threshold  of  Z°  production  Following  the  TPAC 
recommendation  to  the  Director  General,  the  Labora- 
tory gave  the  AMY  collaboration  full  approval,  but 
deferred  a  decision  for  the  HRS  detector  Having  been 
fully  approved  by  the  laboratory  and  having  received 
confirmation  of  DOE  support  in  the  United  States, 
the  AMY  (TE-003)  collaboration  started  work  to  con- 
struct their  detector  with  hopes  to  make  it  ready  for 
operation  at  t  -  0 

The  November  TPAC  meeting  lecogmzed  that  the 
construction  of  vanous  components  for  the  VENUS 
ai.d  TOPAZ  detectors  has  made  excellent  progress 
Recognizing  this  success  m  the  Selector  construction 
work,  the  TPAC  concured  with  the  Laboratory  Direc- 
torate that  both  collaborations  should  continue  efforts 
to  construct  these  l»o  detectors  m  parallel,  without 
any  specific  priority  being  assigned  Although  there 


Hf.  15.  TV  TPAC  wiirtt  la  N*?.  \nX 


are  still  problems  to  be  solved,  the  construction  work 
on  these  TOPAZ  and  VENUS  detectors  is  going  well, 
as  is  described  in  subsequent  sections  of  this  report 

Since  detector  components  such  as  lead  glass  Cer- 
enkov  counters  for  electromagnetic  shower  calorime- 
ters in  the  TOPAZ  and  VENUS  detectors,  are  in  full 
production,  an  extensive  calibration  program  is  an  im- 
mediate order  of  business  With  successful  operation 
of  the  electron  beam  at  the  Accumulation  Ring,  which 
came  into  operation  in  November,  1983.  preparation 
of  two  bremsstrahlung  beam  lines  from  internal  tar- 
gels  was  made  for  producing  electron/positron  beams 
for  vanous  detector  calibration  tests  The  beam  lines, 
called  IT- 1  and  IT-4.  are  now  "-ompleted  and  ready 
for  tests  Another  test  beam  line,  producing  electrons 
pnd  hadrons  for  TRISTAN  detectors,  was  also  con- 
structed, in  the  counter  experimental  hall  at  the  12 
GeV  proton  synchrotron  beam  area. 

Construction  work  on  FUJI.  TSUKUBA,  OHO 
and  NIKKO  experimental  halls  on  the  Main  Ring, 
has  also  been  going  quite  smoothly  The  FUJI  hall, 
which  accommodates  the  VENUS  detector,  will  be  the 
first  to  be  completed,  in  the  middle  of  FY- 1 984.  fol- 
lowed by  TSUKUBA  for  the  TOPAZ  detector,  only  2 
-  3  months  thereafter  The  construction  of  OHO  an^ 
NIKKO  is  also  underway  in  order  to  be  ready  at  least 
a  year  or  so  in  advance  of  the  first  day  for  beam  colli- 
sion The  OHO  hall  is  to  accommodate  the  AMY  de- 
lector  and  is  the  smallest  hall  among  the  four  In 
addition  to  the  two  experimental  halts  at  the  Accumu- 
lation Ring,  which  are  being  used  for  detector  compo- 
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nent  tests,  a  Urge  assembly  hall  was  completed  This 
hall  is  bang  used  for  assembling  and  testing  various 
detector  components 

One  of  the  most  important  support  activities  for 
TRISTAN  experiments  is  the  On- Line  Data  Acquisi- 
tion and  Electrodes  System  Group  As  wc  discussed 
in  the  1982  annual  report,  procurement  of  :wo 
VAX- 11/780  and  one  VAX- 11/750  systems,  was  made, 
and  a  wide  variety  of  activities  has  been  earned  out 
for  on-line  data  handling  for  TRISTAN  experiment* 
Extensive  FASTBUS  and  front-end  electronics  devel- 
opment has  also  been  underway.  These  activities  are 
outlined  in  a  separate  part  of  this  report,  under  Phys- 
ics Department,  in  the  section  on  instrumentation  in 
counter  experiments. 

In  addition  to  the  on-line  data  acquisition  system, 
it  is  clear  that  a  large  and  capable  ofMine  computing 
facility  is  an  absoWte  necessity  This  will  enable  exper- 
imenters to  cany  out  off-L^e  analysis  on  the  large 
amount  of  data  produced  each  day  at  the  TRISTAN 
experiments.  A  preparatory  working  group  has  been 
established  in  order  to  rrake  the  necessary 
specifications  for  this  off-line  data  analysis  facility 
Plans  for  procurement  oi  a  new  off-t.nc  computing  fa- 
cility, that  is  to  be  used  solely  for  TRISTAN  physics 
analysis,  is  in  progress.  This  TRISTAN  off-line  com- 
puting system,  which  is  tentatively  called  the  "B 
system",  relative  to  the  14 A  system"  at  the  KEK  cen- 
tral computer  for  all  common  users  at  KEK.  will  be 
installed  sometime  in  fiscal  year  1985 

Development  and  maintenance  of  cryogenic  facili- 
ties, such  as  He  refrigerators  and  associated  systems, 
will  become  an  essenral  pan  of  support  activities  for 
the  TRISTAN  experiments.  With  three  superconduct- 
ing magnets  to  be  operated  in  the  three  (VENUS.  TO- 
PAZ and  AMY)  detectors  at  the  TRISTAN  Main 
Ring,  efforts  have  been  taken  to  organize  and  extend 
the  capabilities  of  the  Cryogenic  Operations  Group  in 
the  Physics  Department.  Construction  work  on  He  re- 
frigerators for  the  VENUS  and  the  TOPAZ  detectors 
is  now  underway  by  this  group,  with  the  participation 
of  both  experimental  groups  A  conceptual  design  for 
the  cryogenic  system  for  the  AMY  3  Tesla  supercon- 
ducting magnet  is  also  in  progress  With  these  three 
cryogenic  facilities  on  the  Main  Ring,  a  concept  for 
centralized  operation  of  these  three  facilities  has  been 
devetoped.  A  centralized  control  system  for  these 
cryogenic   facilities  is   now   pailully   under  con- 


struction 

In  conclusion,  the  construction  uork  on  TRISTAN 
expenmental  facilities  has  become  very  Wide  and  di- 
verse in  every  sense,  end  has  shown  substantial  pro- 
gress and  developed  considerable  momentum  during 
fiscal  year  of  1983  It  is  hoped  that  this  activity,  with 
its  momentum,  will  continue  to  be  as  strong  in  the 
forthcoming  years  as  it  has  been  in  the  past 

TRISTAN  Experimental  Araa 

There  are  four  expenmental  halls  FUJI,  N1KK0. 
TSUKUBA  aril  OHO  to  be  built  on  the  TRISTAN 
Main  Ring,  j$  is  shown  in  Fig.  16,  During  fiscal  year 
1933.  extensive  construction  work  on  the  FUJI  and 
the  TSUKUBA  expenmental  halls  has  been  carried 
out  These  two  halls  are  of  almost  the  same  design. 
The  FUJI  hall,  where  the  VENUS  detector  \sitl  be  in- 
stalled,  is  scheduled  to  be  completed  in  October.  1984. 
although  a  temporary  air  conditioning  system  will  be 
used  at  the  beginning  The  TSUKUBA  hall,  which 
will  accommodate  the  TOPAZ  detector,  will  follow 
the  FUJI  hall  about  two  months  later  Construction 
of  the  NIKKO  and  OHC  halls  was  started  in  Febru- 
ary and  Apnl  1984.  respectively  The  OHO  hall  is  to 
accommodate  the  AMY  detector. 

Figure  17(a)  shows  a  floor  plan  of  the  FUJI  hatl  at 
its  bottom  level  (B4)  Cryogenics  for  all  expenmental 
halls  wilt  be  controlled  at  the  central  control  room  m 
the  FUJI  hall  (B2).  which  is  shown  in  Fig.  17(b).  Fig- 
ures 18(a).  18(b)  and  18(c)  show  elevation  views  from 
each  side  of  the  hall  The  floor  of  the  hall  has  a  wdth 
of  27  m  along  the  e*  e"  beams  and  is  53  m  long  It  is 
composed  of  a  beam  collision  area  and  an  assembly 
area  which  are  separated  by  radiation  shield  wc ' 
The  beam  level  is  5.7  m  off  the  hall  floor,  which  is 
16  3  m  below  ground  level  A  compressor  room  for 
the  cryogenic  system  of  thr  detector,  gn  storage  yards 
for  the  cryogenics  and  chamber  gases,  and  a  yard  for 
reseivotr  tanks  of  liquid  nitrogen  and  other  fluids  will 
be  prepared  outside  the  rul! 

The  hall  is  provided  with  a  drop  hatch  that  is  to  be 
used  for  bringing  ..eavy  components  of  the  detector 
into  the  hall  The  hatch  room,  which  is.  equipped  with 
a  50  ton  crane,  is  9  5  m  wide  and  7  5m  long  The  hall 
has  a  70  ton  crane  with  auxiliary  hooks  of  15  tons 
and  4  5  tons,  which  cover  both  the  collision  and  tne 
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assembly  areas  A  speed  regulator  enables  the  crane 
hook  to  go  up-down  at  any  speed  between  7  0  and 
0  35  rWmin  The  control  accuracy  of  crane  operation 
is  expected  to  be  of  the  order  of  0  5  mm  with  full 
load 

The  hall  floors  are  designed  to  support  detector 
loads  as  large  as  3,000  tons  The  floor  is  flat  10  ±1 
mm  over  20  m  along  the  rati  structures  which  will  he 
used  for  moving  the  detectors  between  the  collision 
and  the  assembly  areas. 

Floor  sizes  ot  the  NlKXO  and  the  OHO  halls  are 
smaller  than  those  of  the  FUJI  and  the  TSUKUBA 
halls,  which  accommodate  rather  large  general  pur- 
pose detectors,  the  VENUS  and  TOPAZ  detectors. 
The  NIKKO  and  OHO  halls  will  be  completed  in  the 
summer  of  1985 

Two  experimental  halls  in  the  Accumulation  Ring 
were  also  completed  in  FY  1983,  and  can  be  used  for 
possible  future  experiment* 

An  assembly  hall,  which  is  used  for  assembly  and 
testing  of  various  accelerator  and  detector  compo- 
nents, was  completed  in  October  1983.  The  hall  has  u 
floor  size  of  120  m  long  by  50  m  wide 

Photographs.  Fsg  19  and  Fig  20,  show  the  recent 
status  of  construction  work  on  the  experimental  halls. 


29 


377     MEST  COPY  AVAHjMLE 

er|c  '  ' 


373 


fit  IS  SUt  *k»«  tnn  r »c»  tide  ♦#  ike  k*tt,  a)  SM«  **»  aiaaa;  At 
beam  TW  attat  cvMnaaa  aauM  h  iMm  by  «  aim.  b)  C«W- 
woa  »  j  'tewed  prraraaValar  to  tbebcaam  Artekraiar  taa 
arte  a.  •  rWUlio*  tbirM  are  *ba*a.  Tb»  beam  ccffliln 
aoiat  «  MkmH  by  a  nw.  cl  AmwMy  baft  aaf  Mi  fait 
ram  Tax  aurwat)  ball  aa4  aix-uary  aMe  gaUerk*  (Jatr 
ttorira  zMrr  ffwmd  a«4  l*a  ttortea  abate  groaai)  art  ibtwa. 
A  cwftrr  aaa  icraiiaak  far  tbe  lata  aotaiaitiaa  irateti  art 
MMallea*  at  BJ  aa*  b*2. 


Fhc  19  !a»J4c»ki»  •#  tbe  Fatf  ball,  tatfalla*  abJebJ  mjk  (at  rbjht).  waft  ways  (at  left)  ami  7H«*  Wttgt  craw 
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VENUS  Collaboration 

KEK  \at  tonal  Lab  for  High  Energy  Phvstcs 

faculty  of  Engineering,  Fukut  Unnersttv 

Phmes  Department,  Hiroshima  Untversm 

College  of  Liberal  Arts,  Kobe  University 

College  of  Applttd  Medical  Science.  Kobe  Urmenttv 

Pliuua  Department,  K\oto  University 

faculty  of  Engineering.  Kiushu  Unnersitv 

Phvstis  Department  Osaka  Unnersuv 

Phisics  Department,  Rtkkyo  Urtiitrsttv 

Phstcs  Departmen',  Tohoku  Uniyerstty 

Faculty  of  Teihnologv  Tohoku  Gakuin  Unneruty 

faculty  of  Engineering.  Tokyo  Unnersttl  of  Agriculture 

anil  Technology 

Physics  Department,  Tokyo  Metnoollian  Uniycrutv 
Institute  of  Applied  Phvstcs,  Unne.stty  of  Tsukuba 
Institute  of  Physics,  Umyerstt;  of  Ts*.kuba 
Wakayama  Medical  College 

FY  1983  was  a  >ear  in  which  fabrication  of  major 
detector  elements  for  VENUS,  such  as  the  supercon- 
ducting solenoid,  return  yokes  the  central  drift  cham- 
bct  and  the  barrel  calorimeter,  was  started  using  the 
final  designs  developed  after  a  >ear  of  R  &  I>  effort 
Construction  has  progressed  rather  smoothly  Fabri- 
cation ol  superconducting  wire  and  Mime  pans  of  the 
crsoslat  lur  ihe  solenoid  have  been  completed  and  .» 
iramc  for  ihe  central  drill  chamber  was  del  vered  t 


KEK  for  stnnggtng  wires  Several  hundred  subassem- 
blies for  the  lead  glass  Cerenkov  counter  in  the  barrel 
calorimeter  have  also  arrived  at  KEK  to  be  tested  at 
the  IT-4  test  beam  facility  Figure  21  shows  a  perspec- 
tive view  of  the  VENUS  detector  In  the  following, 
progress  in  construction  of  detector  elements  will  be 
described 


Fit  2  J  A  pmprctttc  tit-*  ♦(  il*  VENLS  4f<«loc. 


Superconducting  Solenoid  and  its  Cooling  System 

Uaved  on  ihe  expeuence  gained  during  construction 
ol  ihe  R  A.  I)  solenoid  and  cryoslat  the  final  design 
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FIc-  Z2.  A  rir»  «f  dw  CT1P  cryft  wtfcfc  wfll  W  mti  far  dw  Wf«r* 


Tor  the  VENUS  magnet  win  worked  out  It  uses  Car- 
bon Fiber  Reinforced*  Plastic  (CFRP)  for  the  outer 
wall  of  the  cryosut.  The  use  of  CFRP.  instead  of  alu- 
minum, reduces  the  radiation  thickness  of  the  solenoid 
from  about  0  65  rad  length  to  0  55.  Figure  22  shows 
the  CFRP  cylinder  which  was  fabricated  by  Mitsubi- 
shi Elcctnc  Co. 

An  r-iirmnum-subilized  superconducting  wire  was 
developed  and  the  fabrication  of  about  10  Km  of  the 
wire  has  now  been  successfully  completed  Using  a 
short  sample,  a  current  of  about  10000  A  at  1  Tesla 
can  be  supplied  with  this  wire  as  shown  in  Fig  23,  a 
value  that  is  far  beyond  the  value  needed  for  normal 
operation,  namely  4100  A  at  0  75  Tesla.  In  Fig  23.  a 
cross  section  view  of  the  wire  is  also  shown  The  mag* 
net  yoke  and  mounting  frame,  shown  in  Fig  24,  were 
fabricated  by  Kawasaki  Heavy  Industries  Lid,  They 


Fie.  21  Critical  camrt  (Ic)  cMr»ctrriarki  ami  a  crow  aacttea  tkm  af 
iW  Mfcmatertiftc  raak.  TV  aatralla*  H«e  win  W  41M  A 
•I  t,?5  Tola. 

wilt  be  installed  at  KEK  in  the  fall  of  1984. 

A  refrigerator  which  can  supply  ISO  C  of  liquid  he* 
hum  per  hour  at  4.4  K  was  constructed  by  Tetsao 
K.K..  Construction  of  «  liquid  nitrogen  supply  and 
helium  and  nitrogen  gas  compressors  will  complete 
the  cooling  system  for  the  VENUS  solenoid. 

Central  Drift  Chamber 

The  end  plates  for  the  central  drift  chamber  were 
brought  into  the  former  bubble  chamber  building  and 
the  stringing  of  wires  was  earned  out  in  a  dust-free 
room.  As  shown  in  Fig  25  about  40%  of  the  total 
28316  wires  were  already  strung,  by  the  end  of  the  FY 
1983  This  chamber  uses  CFRP  for  the  inner  and 
outer  walls  The  CFRP  was  fabricated  and  stress  tests 
with  the  two  end  plates  were  successfully  earned  out 
by  Kawasaki  Heavy  Industry  Ltd. 

The  prototyping  of  the  preamplifier  was  finished-  It 
was  used  in  a  performance  study  of  a  prototype  cham- 
ber in  a  magnetic  field  Prototype  TDC  modules  oi 
FASTBUS  boards  were  designed  by  the  KEK  dec 
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ironies  group 

Barrel  Calonmetet 

During  FY  1983.  great  progress  was  made  in  the 
mass  production  of  the  lead  glass  Cerenkov  counters 
whjch  will  be  used  for  the  barrel  calonmter  Out  of 
*l*0  lead  s'ass  counters  needed  for  the  calorimeter, 
about  800  were  fabricated  using  lead  glass  DF6  from 
Nippon  Kogaku  K  K.  and  with  H!9U  photo  multipli- 
ers  from  Hamamaisu  Photonics  K  K. 

The  effects  of  different  light-guide  materials  on  the 
performance  of  the  lead  glass  counter  were  examined, 
using  light-guide*  made  of  acrylite  plastic.  BK-7.  and 
DF6  glass  The  acrylite  light-guide,  with  a  cut-off 
wavelength  of  4?0  nm.  >howed  the  best  hadron  sup* 
pression  factor  among  the  light-guides  given  above  as 
shown  in  Fig  26  A  momtonng  system  using  a  Xe- 
tamp  jnd  quartz  fiber*  was  made  for  the  tests  The  re- 
producibility of  the  pulse  response  of  the  momtonng 
>>stem  .it  the  connector  was  found  to  be  better  (han 


99%  Using  the  monitor  system,  the  long  term  stabil- 
ity of  the  phot  omul  tipucrs  was  tested;  the  cnlenon  be- 
ing that  the  PMTs  should  have  a  stability  of  better 
than  2%  over  a  period  of  10  day*. 

The  supporting  frames  for  the  leau  glass  counters 
were  fabricated  at  the  KEK  workshop  and  by  Mitsu- 
bishi Heavy  Indiana  Ltd.  These  support  frames 
have  been  used  for  gain  calibration  of  the  lead  glass 
using  the  electron  beam  at  beam  line  IT4  of  the  Accu- 
mulation Ring 

Endcap  Calorimeter 

A  3  x  3  array  of  prototype  liquid  argon  shower 
counters  was  built  and  their  performance  was  studied. 
Figure  27  shows  an  energy  deposit  spectrum  for  2 
GeV/c  electrons  The  energy  resolution  was  found  to 
be  about  10%  'v  E  The  hadron  suppression  factor  was 
about  I  ?00  for  a  known  particle  momentum,  after  a 
longitudinal  and  lateral  cut  of  the  spread  of  the 
shower  data  was  made 
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A  detailed  design  study  was  made  in  order  to 
finalize  the  liquid  argon  shower  counter  system  A  re- 
sponse analysis  Tor  mechanical  vibration  was  made  to 
make  sure  that  the  system  will  remain  safe  during  pos- 
sible earthquakes 

Other  Components 

Performance  studies  of  prototype  TOF  counters 
and  related  R&D  work  has  been  performed  in  FY 
1983  To  selrct  the  best  scintillators  and  phototubes 
and  also  to  find  the  optimal  scintillator  dimensions 
jnd  counter  arrangements  time  resolutions  of  several 
prototype  TOF  counters  were  measured  As  shwon  in 
Fig  28  the  resolution  is  better  than  200  psec  for  a 
counter  which  consists  of  4  m  long  and  4  cm  thick 
scintillator  and  I  m  long  light  guides  at  both  ends 

Prototypes  of  the  inner  chamber  a  PWC  and  the 


muon  chamber  drift  tubes,  were  constructed.  «occul 
care  was  taken  to  select  gases  for  stable  operation 

Prototypes  of  the  luminosity  counter  and  the  Iran- 
sition  radiation  detector  were  also  made 

Data  Acquisition  System  and  Off-Uae  Analyst. 

Data  transfer  from  FASTBUS  to  the  VAX  com- 
puter through  the  VAX-FPI  (VAX-FAFTBUS  Proces- 
sor Interface)  was  successfully  tested  Several 
FASTBUS  modules,  u  Simplex  Segment  Interconnect 
an  Ancillary  Logic  and  a  Master  module  (68K-FPI) 
were  dcteloped  Design  and  construction  of  a  first 
'e\el  trigger  module  and  a  track  finder  module  were 
earned  out  on  a  FASTBUS  board  using  4K  RAM*- 

The  event  generation  programs  and  event  simu- 
lation programs  for  VENUS  were  wntten  and  a  motu- 
loring  system  for  the  VENUS  detector  componenW 
was  discussed 
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Construction  of  roost  of  the  urgent  component*, 
the  central  dnft  chamber,  tbe  barrel  calonmeter  and 
the  superconducting  solenoid,  is  scheduled  to  continue 
into  FY  1984.  Although  delayed  by  one  year  for 
financial  reasons,  the  construction  of  other  elements 
will  start  in  FY  1984.  In  spite  of  the  very  tight  mo- 
mentary  situation,  major  detector  dements  are  ex. 
pectcd  to  be  ready  for  tbe  experiment  from  tbe  first 
day.  T  -  0.  of  TRISTAN  operation  namely,  in  tbe 
fall  1986 

TOPAZ  Collaboration 

KEK.  National  Laboratory  for  High  Energy  Physics 

Dtpt.  of  Phys..  University  of  Tokyo 

Institute  for  Nuclear  Studv.  Unhersttv  of  Tokvo 

2**r>  of  Appl.  Phys.  Tokyo  Unit,  of  Agriculture  and 

Technology 

Dept.  ofPhvs..  Nagoya  University 
Dtpt.  of  Phys..  Nara  Women's  University 
Dept  of  Phys .  Osaka  Ctty  University 

.  Following  RAD  work  famed  out  in  tbe  last  year, 
actual  construction  of  major  detector  components  was 
started  in  FY  1983.  They  include  tbe  superconducting 
magnet  and  its  cryogenic  system,  tbe  barrel  calonme- 
ter and  the  pressure  vessel  of  the  Time  Projection 
Chamber  (TPC)  as  well  as  tbe  spectrometer  support 
structure.  Prototypes  have  been  tested  for  the  inner 
dnft  chamber,  the  ume-of.fligbt  counter,  the  barrel 
and  the  end  cap  dnft  chamber,  tbe  end  cap  calorime- 
ter, and  tbe  muon  dnft  chamber.  Final  designs  have 
thus  been  obtained  for  most  of  these,  to  be  ready  for 
mass  production  in  FY  1984  Figure  29  shows  a  per- 
spective view  of  the  TOPAZ  detector. 

Active  software  work  has  also  been  conducted. 
The  major  effort  in  this  area  was  to  prepare  a  full- 
scale  detector  simulation  program  and  our  own  data 
banking  system 

Central  Tracking  Ouunberi 

The  inner  dnft  chamber  consists  of  5  cathode  cylin- 
ders of  paper  honeycomb  and  10  layers  of  small  dnft 
cells  In  order  to  simplify  chamber  fabncaUon.  Lie  ca- 
thode stnp  readout  was  replaced  with  a  delay  line. 
Zig-zag  delay  lines  are  pnnted  on  8  cathode  surfaces 
facing  the  dnft  ceil*  A  senes  of  studies  on  the  dnft 
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Fie-  »•  A  ftnft**  thw  if  ■»  TOPAZ  itmtut 

cell  configuration  was  therefore  followed  by  cxtansive 
prototype  work  on  the  optimizition  of  delay  line  pa- 
rameters tod  the  development  of  readout  electronic*. 
Spatial  resolutions  observed  with  •  test  beam  are  110 
u  by  the  drift  mct>od  and  4  mm  on  the  delay  lines  (35 
n  impedsDce  sod  5.9  ns/cm  speed).  Figure  30  shows 
two  cathode  cylinders  equipped  with  the  delay  hoes. 
Aluminum  end  pUtes  for  the  chamber  have  been 
drilled 

The  decision  was  made  to  construct  the  TPC  pres- 
sure vessel  with  GlasvFiber-Rar  forced  Plastic 
(GFRP)  since  its  electrical  and  mechanical  properties 
have  been  substantially  improved  by  vacuum  impreg- 
nation techniques.  For  example,  a  volume  resistivity 
of  6  x  1011  D-cm  (at  I  min.)  and  a  Young's  modulus 
of  3600  Kg/mm1  are  obtained.  Both  outer  and  inner 
cylinders  have  been  constructed  with  GFRP  as  shown 
in  Fig  31. 

High  voltage  insulation  problems  are  eased  by  us- 
ing coarse  field  shaping  on  the  inner  surfaces  of  the 
cylinders.  Fine  shaping  of  the  drift  field  is  then  per- 
formed with  conductive  fins,  regularly  spaced  on 
GFRP  boards  (Fig.  32)  Equi-potenual  nngs  to  pro- 
duce a  uniform  electric  field  of  380  V/cm  are  formed 
by  8  such  boards  attached  to  each  cylinder. 

A  big  effort  was  undertaken  to  develop  TPC  sec- 
tors It  included  the  fabrication  of  a  1/5  portion  to 
verify  its  intricate  design,  including  production  of 
large,  high-quality  G- 10  boards  with  fine  glass  fibers 
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and  precision  etching  of  a  full  cathode  pad  pattern. 
Having  confirmed  the  technical  feasibility  of  the  kc/ 
parts,  actual  production  is  planned  to  start  in  1984. 

For  the  TPC  readout  electronics,  FY  1983  was  a 
penod  for  design  and  | prototype  work.  Significant 
quantities  of  preamplifiers  and  CCD  digitizers  were 
produced.  They  will  be  soon  tested  to  prepare  for 
mass  production.  Figure  33  shows  the  CCD  perform- 
ance, a  test  pulse  was  sampled  at  10  MHz  and  the 
base  line  shift  due  to  leakage  (typically  0  06  %/ros  of 
full  dynamic  range)  was  subtracted. 
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Orter  Drift  Chambers 

Both  the  barrel  and  I  he  end -cap  dnft  chamber  cov- 
enng  the  entrance  to  the  calorimeter*,  are  single-wire 
conductive  plastic  tube  counters  operated  in  the  lim- 
ited streamer  mode  Basic  performance  was  examined 
for  individual  counters  and  then  8  counter-planes  were 
exposed  to  a  beam  The  average  posioon  resolution 
wa<  110  urn  in  each  counter  and  this  performance  was 
maintained  for  an  instantaneous  rate  of  up  to  5  KHz 
per  cm  of  wire 

The  muon  detector  consists  of  a  large  number  of 
single-wire  dnft  counters  made  of  extruded  Al  tubes, 
each  5  x  !fl  env  in  cross  section  and  6  m  in  length. 
Various  tests  were  earned  out  with  full-scale  counters 
to  optimize  operating  parameters  and  to  check  per- 
formance  stability  a  gains'  any  changes  in  environ- 
ment Position  resolution  measured  for  cosmic  rays 
with  6  layers  of  counters  was  0.7  mm  without  any  cor- 
rection for  nonlineanucs.  Charge  division  was  also 
tested  as  an  optional  readout  method  and  a  resolut  on 
of  I  2  cm  was  achieved  with  SO  um  ruchromc  anode 
wires  (3  kQ  in  total  resistivity). 

Calorimeters 

Extensive  tests  were  performed  on  lead  glass  and 
photomultipher  untsl  Apnl  1983  and  following  this 
the  barrel  calonmcter  went  ir.to  mass  production  A 
3-i och  proximity  focussing  photomulapher  is  attached 
>ia  a  6  cm  long  lead-glass  light  pipe  to  a  34  cm  long 
(20  radiation  length)  SF6W  lead  glass  radiator.  This 
allows  a  u-mctal  shield  to  be  used  against  the  leakage 
held  of  the  superconducting  coil  and  also  minimizes 
the  light  intensity  generated  by  nomnteracting  charged 
ptons  The  mechanical  structure  at  the  rear  end  of 
each  counter  accommodates  an  optical  fiber  which  de- 
livers standard  light  pulses  from  a  common  Xenon 
lamp  for  momtonng  the  gains  of  phot ornulu pliers. 
720  counters  purchased  in  FY  1983  arc  being  assem- 
bled into  support  modules  as  shown  in  Fig  34  All 
the  counters  arc  to  be  calibrated  with  a  secondary 
electron  beam  from  the  Accumulation  Ring  and  test 
facilities  have  been  prepared 

The  end-op  calon  meter  is  a  sandwich  of  pronor- 
tirn.il  counters  and  lead  sheets  A  prototype  talon  me- 
ter was  constructed  with  conductive  plastic-tube 
counters  I  0  x  I  5  enr  each  in  cross  section  The  vig- 
nal  was  taken  from  cathode  pad*  of  9  x  9  im'  area 


each,  with  the  total  depth  (18  tadiation  length)  e/ec- 
tncally  subdivided  into  3  sections.  The  energy  re  sol- 
uuon  observed  in  a  test  beam  was  21  %/v1L  the 
spatial  resolution  6  mm.  and  the  pi  on  suppression  fac- 
tor 1000  at  4  GcV  when  95%  of  electron  signals  were 
accepted  An  unproved  mechanical  design  is  under- 
way, with  the  basic  structure  unaltered. 


Flf.  3t  Mim  yifcul  TOPAZ  liilgliii  (mwi  m4++* 
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SvfcrcoQ&Ktiag  Magaet 

Having  gained  confidence  in  the  construction  tech- 
niques through  various  tests  and  practice  trials  ia 
1982.  tbe  magnet  construction  came  into  full  swing. 
The  Al-stabiltted  Nb-Ti/Cu  superconductor  was  suc- 
cessfully wound  by  the  internal  winding  method.  This 
coil.  288  cm  in  inner  diameter  and  510  cm  in  length, 
passed  mechanical  as  well  as  electrical  tests.  It  was 
then  encased  in  the  cryostat  structure  for  cool-dowa 
tests  scheduled  in  1984.  Figure  35  shows  tbe  outer  cyl- 
inder into  which  the  coil  was  wound.  It  should  be 
mentioned  here  that,  immediately  after  tbe  report  oa 
the  PHP -4  magnet  trouble,  an  improved  and  extensive 
analysis  was  repeated  again  on  the  mechanical  stab3- 
it>  of  our  coil  against  a  large  electromagnetic  force  W 
confirm  the  <afetv  figure  in  our  design 

Construction  has  also  begun  for  the  cryogenics  and 
ilk  automatic  control  system,  and  the  return  y°kel 
have  been  machined  ol  schedule 
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Cooclosioo 

Immediately  after  the  completion  of  the  exper- 
imental hall  TSUKUBA  in  Oct.  1984.  the  cryogenic 
system  for  the  magnet  and  the  iron  structure  will  be 
assembled  Installation  of  the  solenoid  and  then  its 
field  measurement  will  follow.  Major  elements  of  the 
mechanical  structure  are  under  construction  in  accord* 
ance  with  this  schedule.  As  an  example.  Fig.  36  shows 
octagonal  end  frames  being  fitted  together. 


Fig.  34.  TOPAZ  crttf  mJ  m  frum  fetot  ftnri  tt-ftthtf  Mm 
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The  detector  construction  should  keep  pace  with 
this  schedule.  The  progress  made  in  198  ^  has  in  fact, 
ensured  the  successful  sun  of  mass  production  in  the 
next  year. 


TRISTAN-EXP  003  /  AMY  Collaboration 

University  of  Rochester.  USA 
Virginia  Polytechnic  Institute :  USA 
Ohio  State  University.  USA 
Korea  University.  Korea 
Tokyo  Institute  of  Technology.  Japan 
Saga  University.  Japan 
University  of  Nugata.  Japan 
Uriversitv  ofSaitama.  Japan 

KEK.  National  Laboratory  for  High  Energy  Physics. 
Japan 

AMY.  a  high  resolution  lepton  detector  for  TRIS- 
TAN, was  approved  in  Dccembr  1983.  This  exper- 
iment is.  unlike  the  oiher  TRISTAN  experiments,  an 
international  collaboration  between  US,  Korean  and 
Japanese  universities  and  research  institutes 

The  detector  is  schematically  shown  in  Fig  37 


amy  court*  a  TWtW 


fll.37  A  pwiffcttw  Tic*  "  *S*  AMY  fcttctw. 

With  a  3  Tesla  superconducting  magnet  2.4  m  in  di- 
ameter and  1.5  m  in  length,  the  overall  size  of  the  de- 
tector is  much  smaller  than  that  of  the  other  two, 
while  keeping  characteristic  high  momentum  resol- 
ution for  charged  track  measurements  The  central 
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tracking  chamber  is  a  high  resolution  drift  chamber  65 
cm  in  diameter,  and  ha*  about  8000  sense  wire*  The 
shower  counter  is  a  sandwich  construction  of  lead 
sheet  and  uire  chambers,  and  will  be  accommodated 
inside  the  solenoid  magnet  This  leaves  only  75  cm  for 
hadrons  «>  travel  before  being  absorbed  m  the  shower 
counter  and  muon  absorber  Due  to  this  rather  com- 
pact geometry,  the  decay  probability  of  an  emitted 
p»on  is  only  0  5%  at  5  GeV/c  Outside  steel  absorbers 
1  3  meter  in  thickness,  there  comes  an  x«y  pair  of 
muon  c*iambers  made  of  aluminum  extrusion  tubes 
Each  plane,  x  or  y.  consists  of  2  identical  planes  of 
tubes  staggered  by  a  half  cell  In  order  to  improve  the 
electron  identification  capability,  an  X-ray  detector 
will  be  installed  between  the  central  drift  chamber  and 


the  shower  counter,  and  will  detect  synchrotron  X- 
rays  radiated  by  electrons  in  the  strong  magnetic  field 
The  X-ray  detector  is  a  drift  chamber  of  the  Jet- 
Chamber  type  filled  with  Xenon  gas  Another  charac- 
tensoc  of  the  AMY  detector  is  the  possibility  of  a 
high  luminosity  configuration  with  micro-beta  quadru- 
ples close  to  the  interaction  point  This  configurator 
of  quads  is  possible  because  of  the  absence  of  bulk) 
detectors  at  the  ends  of  the  AMY  detector 

Since  the  approval  of  the  experiment  in  December 
1983.  the  group  has  been  involved  in  reviewing  *he 
construction  work,  designing  the  major  components 
and  strengthening  the  collaboration  Actual  and  ex« 
tensitive  construction  will  take  place  in  FY  1984 
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Major  actntty  ofph\stcs  department  is  related  to  TRISTAN  project  But  this  he  covered  independently  in  the 
section  <*(  TRISTAN  project  except  for  the  actmties  of  supporting  groups,  cryogenic  group,  electronics  grvup  and  ad- 
vanced technology  group  Experimental  researches  using  12  QeV  proton  synchrotron  remain  acme  with  almost  a  dozen 
theme*  explored  Son  accelerator  physics  such  as  the  measurement  of  neutrino  tuass  using  electron  capture  tn'6iHo  or 
underground  proton  decc\  experiment  has  also  been  continued 

R  and  D  actmt\  includes  that  of  BCO.  BSO  Helicon.  TRD.  Lasertron  etc  etc. 

Theoretical  studies  cover  broad  area  of  physics.  gravtt\.  lattue  gauge  nuclear  physics  ere 

Following  pages  wdl  briefly  summarize  these  octiuties 
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EXPERIMENTS  WITH  12  GEV  PROTON  SYNCHROTRON 


During  the  FY  1983  (Apn!  1982  -  March  1983). 
ihc  Proton  Synchrotron  was  operated  for  13  cycle* 
,ind  31 1  shifts  (about  2500  hours)  were  assigned  to  9 
physics  experiments  and  3  detector  test  experiments 
Ml  the  experiments  have  competed  the  data >ta king, 
including  EU3(ND)  and  E121(kI  1!)  experiments, 
v  hich  were  appro  vex1  by  the  program  advisory  com- 
nitiee  id  the  FY  1983 

The  program  advisory  committee  met  three  times 
<:sth:  Apr  20.  29th;  Oct  31,  30th;  Feb  17  and  18) 
and  examined  W  experimental  proposals  (El  12 
>  El 30)  5  proposals  were  approved  and.  E114{SK.Y), 
I  I  I7(H>)  and  E!25(dd)  proposals  are  scheduled  to  be 
urrted  out  after  the  PS  operation  shutdown  of  FY 
H84  The  approval  of  E119(pn),  E126<kAX  HI)  and 
I  127(H)  were  deferred  untill  the  next  meeting  These 
proposals  and  the  experiments  running  and  analyzing 
n  FY  1983  are  listed  in  Tabic  1 

Experiment  49  (A) 

/  -inluciton  of  Polarized  A*  Particles 

The  polarization  of  A**s  in  the  p  +  A  -»  X  +  X  re- 
action* in  which  A  stands  for  Be,  Cu  and  W,  was 
rveusured  by  12  GeV/c  protons  at  production  angles 
ol  3  5\  6  5*  and  9.5*.  and  the  results  were  already 
published  (F.  Abe  et  at,  Phys  Rev.  Lett.  50,  1102 
(1983)  and  J  Phys  Soc  Jpn  S2,  4107  (1983))  Figure 
1  %hows  an  example  of  the  results  at  the  production 
(  angle  of  6.5*.  Cross  sections  for  p  +  p  -»  A*  +  X  are 
!  extracted  from  ones  for  CH2  and  C  targets  aid  the  re* 
'  suits  are  shown  in  Fig.  2,  in  comparison  with  previous 
'  data,  which  were  measured  with  hydrogen  bubble 
j  chambers 

Cross  section  analyses  in  terms  of  the  A-depen* 
dencc,  the  Feynman  scaling,  and  tnpIe-Regge  have 
been  completed  for  A*  *s  and  the  results  are  in  prepa- 
ration for  publication 
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TftMr  I.  Last  *f  etKriwt*  tt  1W  KMC  12  CtV  fS 


(Approved) 

Spokesman 
(Croup) 

Title 

Beam 

Detectors 

Amount  of  Run 
(ai  March  I9&4) 

Status 
(m  March  1914) 

E49{A) 

K  TakiUwi 
(Tkiktbt) 

Study  of  Asymmetry  in  A  - 
per,  p»r  Decavs  by  Hyper  on  Beam 

A 

Spectrometer 
Gas  C 

149  2 

in  Analysts 

EWtPP) 
OVJ/22) 

Y  Yothimura 
(KEK) 

Study  of  Exotic  States  in  ftp 
Reactions  at  3  -  S  GcV/c 

Kl 

HBC 
6  Beam 

1  5  M  pK 

in  Analysis 

EMrl) 
(79/6/1) 

T  Tsuru 
(KEK) 

St»d*et  of  2*.  Jt  Slates  in  r  p 
<  targe  E*changc  Reactions 

rl 

Spectrometer 
Lead  CUss  C 

US  7 

EuKppc) 
(10/10/ 14) 

M  Kobayashi 
<h£K) 

Dectection  of  Discrete  >  and  w* 
from  pp  System 

k4 

Cylindrical 
MWPC  NaL 
Glass  Set  nti 

165  2 

in  Analysis 

£74/ppR) 
(•0/2/IJ) 

K.  Nakamura 
(Tokyo) 

Baryontum  in  pp  Reaction  brio* 
1  GeV/c 

K3 

Spectrometer 
Nal 

149  1 

in  Analysis 

EtOtdpBC) 
(10/ J/ 10) 

P  Sai 
aokyo) 

Measurements  of  dp  Reactions 
in  2  0  -  4  0CCV/C 

Kl 

HBC 
d  Beam 

200K  ptc 

tn  Analysis 

Etl(KDEL) 
(tO/S/IO) 

A.  Masaike(K£K) 
C  IgoiUCLA) 

Asymmetry  in  K  *  d  and  i '  d  Elastic 
Scattering  around  1  5  GeV/c 

K2 

TELAS  Spec 
trometer  pd  d 

ISO  J 

tn  Analysis 

£*2<SPAL) 
(tO/S/10) 

S  Mon 
(Tsukuba) 

Spallations  of  Nucleus  by 
High  Energy  Particles 

EP-2 

SSD 

in  Analysis 

EtMtD) 
(10/ 10/ 14) 

Y  Sum. 
(Hiroshima) 

Dibaryon  Resonances  in  rd 
Scatterings 

r2 

Spectrometer 

S3 

in  Analysis 

£90(rAC) 
(ti/10/7) 

K.  Nakai 
aokyo) 

by  using  a  Muliipanicle  Detector 

Spectromtter 

IJ4  3 

in  Analysis 

E92(E» 
(31/10/7) 

K  Miynke 
(Kyoto) 

Measurements  of  Asymmetry 
in  E*  -  p>  Decay 

TELAS 
Spectrometer 

1909 

m  Analysis 

£94<rSTR) 
(t 1/6/ IS) 

H  It  oh 
(Sag*) 

ic«ct*A*  ^secnanisms  m  tnucieus 
Inirraction 

Streamer 
Chamber 

37  4 

in  Analysts 

TI00(VENUS) 

it:/}/ 19) 

(KEK)  ^ 

Test  for  TRISTAN  VENUS  Detectors 

Ri'inmj 

TlOI(TOPAZ) 
U2'3/t9) 

T  Saioh 
(KEK) 

Test  for  TRlST/tN  TOPAZ  Detectors 

Running 

T107(Liq  At) 

T  Doke  (Wiicdl) 

1 1  5 

in  Analysis 

£IW<KuJ.) 

r  Yamuaki 
(Tokyo) 

Search  for  Heavy  Neutrinos 
by  K^f  Decay 

K4 

Spectrometer 

149  0 

in  Analysis 

EI08<iAXH> 

Una 

(Kyoto) 

Measurement  of  Piomc  X  Rays 

»> 

SSD 

73  7 

in  Analysts 

EllOdNud  II) 

H  Yokoti 
(Tokyo  1  Tech  ) 

Particle  Correlation  bv  the 
fNucleus  Interaction 

*t> 

Uiq 

Scintillator 

S9  1  shifts 

in  Analysts 

Elll(Th) 

R  Chit* 
(Tokyo  1  Tech ) 

Neuiron  Spectrum  from  p-Th 
Reaction 

f2 

Liq 

Scintillator 

203 

in  Analysis 

EllXNO) 

Y  Muke 
(Tokyo) 

DeuteroA  from  p-Nucleus  Reaction 

f2 

Counter 

347 

in  Analysis 

El!*<SKY) 

8  Povh 
i\Ux  Planck) 

-  Hypernuctei  by  (k  .  t > 
Spectroscopy 

k) 

Spectrometer 

in  Preparation 

El  17(H)) 

T  Yanuuki 
(Tokyo) 

Studies  of  A.  -  Hyper  nuclei  b\ 
Slopped  k 

kj 

Spectrometer 

in  Preparat»o* 

EII9(pn> 

K  llonkiwi 
(Nigoyi) 

Sp»n  Cov  relation  Parameter  Ann 
in  P«  Elastic  Scauering 

^ 

pol  p  beam 
pol  d  target 

,n  Preparation 

Ei:i(ti  id 

T  Inagaki 
(KEK) 

Study  of  a  few  Pion  States  m 
t  p  Charge  Exchange  Reaction 

1 1 

**pet  trometer 
lead  Glass  < 

62  4 

in  Analysis 

S  Yamjmcxo 
(Tokyo) 

Studies  of  tfd  Interaction  in  the 
Range  of  2  -  4  GeV/c 

tl 

PL 

In  Preparai** 

£i::<ii) 

k  Uivake 
iksoto) 

S<jnh  for  a  Siablc  D«h>peroin 
Rexxunce 

spectrometer 
Nil 

m  Prepa/aiw* 
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Experiment  62  (  ppBC) 

ittuJv  o/Exom  States  w  pp  Reactions  at  3-5  GeVfe 

After  the  analysts  for  ihc  inclusive  production  of 
K%.  K»  Kt  K-(890)  and  A  in  p  p  lotcrmctioiu.  the  re- 
jction  p  +  Ta  -  V  +  X  (V;  K£  AJ\)  at  4  GeV/c 
Jus  been  studied  with  pictures  taken  by  the  KEK  I  m 
Hydrogen  Bubble  Chamber  in  which  two.  4.4 
truck  Ta  plates  were  installed.  The  production  cross 
actions  are  summarized  io  Table  2,  tofethcr  with 
those  in  pp  at  4  GeV/c  If  "ux  strange  parades  are 
produced  only  at  the  primary  interaction,  the  cross 
sections  for  p*Ta  should  be  32,0  times  larger  than 
those  for  the  pp  interactions  due  to  A -dependence. 
The  ratio  for  the  inelastic  cross  section  is  nearly  the 
\aiue  But  the  measured  ratios  Tor  A^Aand  K*  are 
*M  ±41.  8  9  ±4.2  and  43  2  ±3.5.  respectively  It  ts 
not  ca:y  to  explain  only  by  K"  that  the  A  production 
is  surprisingly  enhanced. 


T»Mt  2.  Viamo  •fib*  c 


<  tunnel 

Number  of  onii 

Cross  scniofl 
(mb) 

Cross  section  m  pp 
.  ib) 

roul 

IMS*  X> 

K  »\ 

120*60 

t  90*0  07 

\  •  \ 

193*12 

0  J3*00J 

\-\ 

31*20 

044*00) 

RAPIDITY  y 


Fit-  X  tLMfiSty  •p*ctr*  «f  A  mi  KJ 


Figure  3  shows  the  rapidity  distributions  or  Kf  and 
A  from  p-Ta  in  the  laboratory  system  If  one  takes 
the  p  +  3N  cm  sys+era  for  ICC  and  the  p  +  13N  cm 
for  A.  the  peaks  in  the  rapidity  distributions  go  to  0. 
•  cspcctively.  The  rapidity  distribution  of  A  has  an 
asymmetric  tail  on  the  higher  side  which  lies  just  in 
ihe  region  of  rapidity  of  A's  from  the  pp  interaction. 
If  one  cut  off  A's  with  the  momentum  of  higher  than 
0  6  GeV/c  we  can  obtain  the  symmetric  rapidity  dis- 
tribution Figures  4(a),  (c)  show  the  angular  distrib- 
utions for  A  and  KJ  which  are  isotropic  and  indicate 
an  evaporation  process.  The  temperatures  are  calcu- 
lated to  be  97  McV  for  A  aod  135  McV  r0r  KJ  In 
Fig  4<b).  the  angular  distribution  of  A  with  momen- 
tum above  0  6  GeV/c  whose  shape  and  magnitude  are 
similar  to  those  in  the  pp  reaction 


Fit.  4.  Aj**v  <*i»»6—  of  A  mi  k?  (i)  A  wfafc  few*  tmm  $A 
CtV/e  U  tto  MJN  ca  (tmm.  O)  A  *kfc  UfWr  tkm  M 
CtV/e  U  tW  *t  cm.  fnmt.  mt  fcy  JM,  (c)  t. 

tW  f~iS  cjm.  Itmh. 
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ready  been  completed,  out  analyse*  ire  still  under  way 
for  the  other  reactions  Figure  10  shows  the  differen- 
tial cross  sections  of  the  reaction  pp  nn  The  results 
are  compared  with  the  predictions  of  some  NN  poten- 
tial models  None  of  these  models  completely  explains 
the  behavior  of  the  data  Thu  indicates  the  necessity 
for  fine-fining  of  the  parameters  involved  in  the  mod- 
els 


•ii: 


.♦♦♦•♦♦4 


FTf.  19.  TW  tfiffefttttaJ  mm  tttHm  *t  tU  ff  —  m  rr*ctW  TV 

r»n»  mUrt  »rt  ky  tfc*  m«  cwvn,  4m*«4  <wxi  u4 
4mm4  arm.  mprcttotjr. 


Experiment  80  (dpBC) 

Measurements  of  dp  Reactions  at  2  0  «  4  0  CeVfc 

Approximately  5.000  frames  per  each  incident  mo- 
mentum  have  been  doubly  scanned  for  all  events 
55.000  scanned  events  were  measured  am.  spatially  re- 
constructed in  a  stindard  wty  Then  these  events  were 
fitted  to  various  kinematic  hypotheses 

We  have  selected  forward  elastic  scattering  events 
whose  chi-sqiiare  of  kinematical  fit  was  less  than  50 
and  cosQrvf  >  00.  Using  these  elastic  events,  the  an 
gular  distributions  of  forward  elastic  scattering  tnd 
the  slope  parameters  were  obtained  at  10  incident  mo- 
menu  We  then  calculated  the  total  elastic  scattering 
cross  sections  using  these  slope  parameters  and  the  to- 
ttl  cross  sections 

We  have  investigated  dp  -*  ppn  "non-spectator" 
breakup  reaction  An  event  was  accepted  as  belonging 
to  the  breakup  hypothesis,  if  the  chi-square  probabil- 
ity of  the  "it  «as  greater  than  0  1%.  and  the  missing 


miss  was  between  0  91  ind  0  97  GeV  On  the  con- 
trary to  the  results  of  WarsawDubna  collaboration, 
no  enhancement  is  observed  in  the  pn  mass  distrib- 
utions from  the  charge  retention  breakup  reaction, 
and  in  the  pp  mass  distribution  from  the  charge  ex- 
change breakup  reaction  H**re  the  charge  exchange 
re  actio:,  is  defined  as  a  reaction  in  which  the  neutron 
momentum  *s  the  highest  among  the  three  nucleoli 
momenta  in  the  deuteron  CM  system,  and  the  rest  is 
defined  as  the  charge  retention  reaction 

Experiment  81  (KOEL) 

Asymmetry  in  the  K*d  and  x'd  Elastic  Scattering  by 
Polarized  Deuterium  near  t.S  CeVfc 

Resonances  like  behaviors  of  P,,.  Pol  and  D0J 
wives  in  the  phase  shift  of  K  *  N  by  the  previous  po- 
larization data  at  KFK  suggested  the  importance  of 
the  measurement  of  the  K*  d  elastic  vector  polariza- 
tion Measurement  of  the  vector  polarization  of  the 
x*  d  elastic  scattering  by  the  polarized  deuterium  is 
useful  to  search  for  the  effect  of  dibaryon  resonances 
and  that  of  the  non-resonant  amplitude  frorr  the 
Glauber  approximation 


a. 


7T  d  —  7Td  740  MeV/c 
(very  pfe<*r»no/y) 


Gtouber 


30' 


60# 


90' 


120 


•csn«ri«(  at  t.75  Cn/t. 


The  vector  polanzation  of  the  K  *  d  elastic  scatier- 
mg  was  measured  at  1.5  GeV/c  and  1.7  GeV/c  and 
that  of  the  x*  d  elastic  scattering  at  0.74  and  15 
GeV  c.  using  a  large  aperture  spectrometer  (TELAS) 
.md  a  spin  frozen  deuteron  target  of  deuterated  pf°* 
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pane-did  (D-8)  Multi-wire  proportional  cior  ben  and 
drift  chambers  were  installed  around  the  spectrometer 
mtfoci.  in  order  to  measure  the  momenta  of  the  flat- 
tered and  recoil  particles. 

Preliminary  result*  of  the  x '  d  elastic  scattering  at 
0  74  GcV/c  are  shown  in  Fig  1 1  The  solid  line  in  the 
Figure  is  a  prediction  of  the  Glauber  approximated 
without  contribution  from  dibaryon  resonances  The 
experimental  results  arc  consistent  with  the  prediction 
of  Glauber  model,  contrary  to  the  differential  cross 
section  of  *d  elastic  scattering  which  was  measured  by 
Hirosmnj  grcup  (£-83) 

Exp«rim«nt  83  <xD) 

^teasuremtnt  of  Differential  Cross  Sections  for  the 
Processes  x  d  —  it  d  and  x '  d  —  pp  m  Dibaryon  Res* 
tmance  Region 


v..  


O*       0»       Oi        10       If  0*       OS      Ot        10  IX 

plGW/tl  p(C«V/c) 


*H  II  TWm«N(t:Ni(if  i  ~  rr 

Measurement  of  the  pion-deuteron  elastic  scatter- 
ing have  been  competed  and  the  results  h*ve  already 
been  published  in  refs  (M  Akcrooto  el  al .  Phys  Rev 
Leu  (1983)  400  and  Phys  Rev  Lett  il  (1983) 
1838)  A  theoretical  analysis  of  these  data  is  now  be- 
ing m  progress.  Kanai  et  al  calculated  the  amplitudes 
using  the  Glauber  model  and  a  few  dibaryon  reso- 
nance By  using  the  majority  of  tht  existing  data  on 
the  pton-dcuteron  elastic  scattering  the  parameters  of 
the  model  arc  determined  A  tentative  result  is  pre- 
sented in  a  paper  contributed  to  the  10-tl.  PANIC  to 
be  held  at  Heidelberg 


4  u. 


•ft  iui.,, 


****** 
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o  it  v.^«  w  «  «  ««*«  ••  «j  e  4  o«  et  c«  «j  «  «j  < 


fit  IX  Aaplar  tocrftHwi  »f«*  4  ~  pp. 

For  the  procca  x  *  d  -  pp.  the  analyus  has  been 
almost  completed  and  the  paper  is  now  being  in  prep- 
aration All  the  data  for  this  process  are  shown  in  Fig 
12  in  a  form  of  the  excitation  function  Typical  exam- 
ples of  tiic  angular  distributions  arc  also  shown  in 
Fig  13  The  present  data  are  in  good  agreement  with 
other  experiments  The  most  inking  feature  of  the 
excitation  functions  is  the  existence  of  a  break  around 
0  7  GeV/c  at  angles  smaller  than  32*.  For  larger  an- 
gles, the  excitation  curves  do  not  show  ans  remark* 
able  structure 


Erp«rim«nt  90  (xAC) 

Studi'  of  Space  and  Time  Structure  of  High-Energy 
Nuclear  Reactions 

A  spectrometer  system  "FANCY**  has  been  sue* 
cessfully  constructed  and  was  used  for  cxpenments  of 
high-energy  hadron-nucleus  reactions  at  the  xi  beam 
line  Protons  and  pions  are  well  identified  at  momenta 
up  to  I  GeV/c  by  using  dE/dx  measurements  in  the 
chamber  and  Umc-of- flight  measurements  in  the  hodo* 
scope  A  typical  event  obtained  by  the  "FANCY**  is 
shown  in  Fig  14 

Using  the  "FANCY"  spectrometer,  protons  and 
pions  emitted  from  reactions  of  4  GeV/c  protons  on 
A I  and  Pb  target  nuclei  were  measured  Proton  spcc> 
tra  in  the  target-fragmentation  region  were  analyzed 
in  a  framework  of  a  moving-source  model  in  which 
we  assumed  that  protons  were  emitted  isotropically 
with  a  spectrum  proportional  to  exp(-E/£o)  from  a 
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Ht- 14.  E*m  »WrH  tj  tW  FANCY 


I.*. 

«5  '00- 


t  +  ~  t 


4-  ^ 

t      T  + 


*•  T  — 


T  *  £  + 


0    i     *     *     •    >o  *"o -     -     -  - 


source  moving  with  a  velocity  of  (J*  The  spectra 
showed  an  excess  m  a  high  <nergy  regjon  whrn  fitted 
with  tingle  moving  source  But  they  are  fitted  well 
with  jwo  .moving  sources  as  shown  in  Fig  15  Param- 
eters of  *  slowly  moving  source  are  consistent  with 
our  previous  results  dedued  from  low-energy  spectra 
only  T  A.  Shibata  el  aL  Nucl  Phys  A40S  (1983) 
525)  Moving.sourcc  parameters  are  shown  in  Fig  16 
as  a  function  of  chargedparticlc  multiplicities  in  the 
target  region  Parameters  of  slowly  moving  source  are 
almost  independent  of  the  multiplicity,  while  those  of 
fast  moving  source  depenu  strongly  0n  the 
multiplicity 


component  0f  proton  spectra  «n  the  backward  is 
significantly  suppressed  when  Ugged  with  high  mo- 
mentum leading  protons,  and  (3)  s  dear  signature 
from  A  particles  could  be  seen  in  p-x  invariant  mass 
spectra 

Other  subjects  such  as  A"  ard  A-productions  in 
projectile-fragmentation  reyon  (the  HB-T  effect)  are 
also  being  analyzed  to  investigate  general  nature  of 
high-energy  ha dron- nucleus  reations 


Experiment  92  (I) 


o  i  *  s  «  < o  ' ?  <4  it 

£*«Cr  (Ccvl 


/OO    400     £00  »0O 
£N£«5r  <V«v> 


Hf  IS.  IwwiMf  (tm  uefbm  Ue  prWvrtW*  *i  ft**m  (A)  —4 
fUm  (B)  il  u«k»  45.  «.  n  »U  15  4  GtV/c 


F^om  studies  of  correlation  between  panteles  in 
the  backward  and  ones  in  forward  directions,  we  have 
learned  so  far  that  (1)  momentum  distributions  of  for- 
warding protons  shift  toward  lower  side  as  a  multi- 
plicity in   the  backward  increases.  (2)  the  fast 


Measurement  of  the  Asymmetry  Parameter  u>  the  Z* 
-*  py  Decay 

This  experiment  was  performed  to  measure  a  par- 
ity violating  amplitude  for  a  I*  -  py  decay.  The  as- 
ymmetry parameter  a  for  the  decay  had  been 
measured  twice  in  the  oast  both  with  bubble  chamber 
experiments  The  average  value  obtained  was  a  " 
-  0  70  ±SVj.  It  has  been  shown  theoretically  that  the 
asymmetry  parameter  a  should  be  zero  *°  SUQ) 
limit  with  the  certain  fundamental  assumptions  sacb 
as  the  time  reversal  invanance  for  the  interaction.  The 
present  experiment  was  planned  to  improve  the  statis- 
tical accuracy  by  factor  ~ 2  using  counter  experiment 
techniques.  The  data  taking  was  startri  from  June 
1983.  and  finished  in  February  1984  Off-imc  analyst 
is  currently  in  progress 

In  order  to  produce  polarized  I*'s  in  trus  exper- 
iment, a  reaction  x  *  p  -*  K  *  I  *  was  employed.  A  I  ? 
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GcV/c  x '  beam  from  K2  beam  hoc  a(  KEK  was  id 
jccted  into  a  30  cm  Ions  liquid  hydrogen  target,  and 
scattered  kaons  and  decayed  protons  wcie  identified 
with  aerogel  Cercnkov  counters  (AC)  and  with  a  ho- 
doscope  of  timc-of-flight  counters  (TOF)  TVre  were 
u*o  identical  tracking  arms,  each  of  which  consisted 
of  4  sets  of  multiwire  proportional  chambers  (MWPC) 
and  a  set  of  drift  chambers  (DC) 

mtwq  met*  of  rtft  crm  K-mc**  fu 

400 1  n  1 

330  - 
300  - 
230  " 
I  200  ' 


0  4  8  12  16  20 

<tk»*<M«V>  "'O5 


m4£*  0X5). 

A  C-type  magnet  (dubbed  as  TELAS).  which  pro* 
ided  a  magnetic  field  of  about  7  kG.  was  used  to  an* 
Jvze  momenta  of  charged  particles  in  conjunction 
*iih  these  trick  chambers.  It  should  be  noted  that  the 
branching  ratio  of  the  £*  —  p7  mode  ts  only  1/500  of 
the  main  mode  I  —  px\  Therefore,  the  most  impor- 
tant point  of  the  experiment  was  to  distinguish  these 
two  modes  effectively.  To  this  end.  two  sets  of  gamma 
detectors  were  placed  above  and  below  the  target  to 
determine  hit  points  of  gamma  rays  The  gamma  de- 
tectors were  made  of  three  identical  layers,  each  being 
a  sandwttch  of  a  lead  converter  (one  radiation  length), 
a  <et  of  MWPCs  and  scintillation  counters.  The  miss- 
ing mass  plot  for  kaons  ts  shown  in  Fig  17  A  high 
peak  in  the  middle  corresponds  to  I*  and  a  low  peak 
on  the  right  to  I*(I385)  The  total  number  of  I* 
samples  is  estimated  to  be  more  than  one  million 
events.  The  polarization  of  £'  was  also  determined 
with  the  I  *  —  px*  decay  mode,  and  was  found  to  be 
about  0  7  This  value  well  agrees  with  the  data  ob- 
tained at  other  experiment  Full  analysis  of  the  data 
will  be  completed  within  a  year 


Experiment  104  (Ml) 

Search  Jor  Heavy  Neutnnos  w  the  Decays  K'  —  u* 
vu  and  e  *  v, 

The  data  taking  of  the  experiment  104  was  com- 
pleted in  July  1983  and  the  data  analysis  :s  now  on 
the  way  The  main  purpose  of  the  experiment  104  is 
to  search  for  heavy  n*utnnos  emitted  in  the  two  body 
decays  K*  -  u*  and  K*  -  e*  vr  In  1980,  we 
performed  the  first  e x penmen  l  (E89.  Ku)  of  the  same 
purpose  From  this  experiment,  the  upper  limit  on 
:Uul  was  derived  to  be  I0"4  -  10"*  in  the  neutrino 
mass  range  of  70-340  MeV/c2  .  where  |UU  I  is  the  mix- 
ing ratio  between  a  heavy  neutrino  v,  and  the  weak  ei- 
genstate  vu  In  1983,  we  performed  the  second 
experiment  with  better  particle  identification  and 
higher  sensitivity  for  smaller  mixing  ratio  A  plan  view 
of  the  experimental  set  up  ts  shown  in  Fig  18  The 
improvement  of  the  apparatus  is  summarized  as  fol- 
lows. 


fit-  It  A  pUa  ncv  •<  tte  n^rtanul  stt «»  «f  EtW  (XuID. 


(!)  In  order  to  reject  the  most  serious  background 
events  from  K*  -»  u*  v^  y  decay  mode,  y-rays 
were  detected  more  efficiently  by  206  pieces  of 
Nal  counters  surrounding  K*  stopping  region. 

(2)  To  obtain  higher  momentum  resolution,  the  track 
reconstruction  and  the  energy  loss  correction  were 
earned  out  more  precisely  by  using  the  two-di- 
mensional cathode* readout  MWPCs  and  the 
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finely-segmented  urget  counters.  The  momentum 
resolution  of  1-8  MeV/c  (FWHM)  was  achieved 
for236MeV/cu*  peak. 
(3)  The  TOF  counters  were  replaced  by  new  larger 
ones  with  higher  lime  resolutions.  Thus  the  post* 
irons  were  clearly  separated  from  other  particles. 
The  momentum  spectra  of  muons  and  that  of  po- 
sitrons were  analyzed  to  search  for  anomalous  peaks 
arising  from  the  admixture  of  heavy  neutrinos.  In  tiie 
rresent  stage,  the  spectra  have  revealed  no  such 
peaks  Thus  we  obtain  the  upper  limit  of  the  mixing 
ratio  iUu  :  to  be  10  4  -  5  x  |0~7  in  the  mass  range 
of  70  -  '300  MeV  c;  and  that  of  |Ue,r  to  be  4  x 
10"*  -  6  x  10"  *  in  the  mass  range  of  130  -  360 
McV/cJ  These  new  upper  limits  are  displayed  in  Fig 
19  and  Fig  20  with  the  results  fiom  other  exper- 
iments 


A  Pure  Liquid  Argon  Calorimeter  with  High  Energy 
Resolution  for  Electro-Magnetic  Showers 

In  general,  the  energy  resolution  of  fast  (electron 
pulse)  ionization  chamber  ts  limited  by  the  sum  of 
both  contributions  from  electronic  noise  and  lowza- 
tton  straggling,  if  the  effect  of  residual  ions*  whoce 
mobility  ts  very  low,  is  removed.  If  this  principle  ts 
applied  to  liquid  argon  calorimeter,  the  energy  resol- 
ution ts  mainly  limited  by  electronic  noise  and  ts  ex- 
pected to  be  better  than  1%  (rjro.)  for  I  GeV/c 
electrons.  To  study  such  *  liquid  argon  calorimeter, 
called  "pure**  liquid  argon  calorimeter,  we  have  con- 
structed a  new  type  liquid  argon  calorimeter  with  mul- 
ti-parallel-plate  type  electrode  system,  which  consists 
of  192  G-IO  plates  of  1.2  mm  thick  set  with  9  mm 
spacing.  This  is  a  kind  of  "sampling"*  calorimeter  but 
80V«  of  the  absorbed  energy  in  the  calorimeter  are  de- 
posited in  liquid  argon  and  its  energy  resolution  can 
not  be  given  by  the  formula  usually  used  for  sampling 
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calorimeter*.  In  such  a  sense,  we  can  also  call  this 
type  of  calorimeter  "pure"  liquid  argon  calorimeter 
Figure  21  is  a  cross-sectional  side  view  of  the  calorim- 
eter consisting  of  an  inner  and  outer  sUinless  steel  cy- 
lindrical vessels.  The  space  between  both  vessels  is 
evacuated  during  experiment  for  thermal  insulation 
The  sensitive  volume  in  the  inner  vessel  is  2  0  m  x 
i)  93  nr.  The  inner  vessel  was  filled  with  liquid  argon 
directly  supplied  from  a  tank  rully  carrying  liquid  ar- 
eon. 


subtracting  the  constant  term  can  be  expressed  by  the 
curve  of  2  4y<E  ±  0  2%.  where  E  is  expressed  by 
GeV  This  gives  the  best  energy  resolution  for  elec- 
trons around  I  GeV/c  except  for  that  of  NaI(Tt) 
crystal  calorimeter,  and  is  one  expected  from  the  for- 
mula  for  the  energy  resolution  of  the  calorimeter  pre- 
viously derived  by  Hoshi.  Masuda  and  Doke  (Y 
Hoshi.  K  Masuda  and  T  Dote,  Jpn.  J.  Appl.  Phy. 
21  (1982)  I0S6) 


fit-  22.  TV  «trp  rmltJn  wtwi  tfceir—  tmt& 


The  expenmeots  were  done  in  the  T-l  brim  chan- 
nel by  using  the  electron  beams  from  the  internal  ur- 
ge! in  the  proton  synchrotron  in  KEK  The 
saturation  of  ionization  pulse  height  was  considerably 
good  This  shows  that  the  punty  of  liquid  argon  used 
in  the  experiment  is  high.  Figure  22  shows  the  vari- 
ation of  the  energy  resolution  versus  electron  energy 
The  upper  plots  show  the  raw  data  and  the  lower 
plots  are  obtained  by  subtracting  the  electronic  noise 
during  experiment  from  the  raw  data  Thus  obtained 
curve  of  resolution  versus  electron  energy  is  nor  ex- 
actly proportional  to  l/v'E  .  where  E  is  the  energy  of 
inodent  electrons,  but  includes  a  constant  term  due  to 
the  momentum  spread  of  electron  beam  (19  ± 
0  2»»)  The  intrinsic  energy  resolution  obtained  by 


Experiment  106  (fiAXJI) 

Measurements  of  Ptontc  X  Rays 

H  meson*  X  rays  (ptomc-.  muomc-.  Kaonk  X 
rays)  are  emitted  from  exotic  atoms  which  capture  ne- 
gative mesons  (x\  u~.  K")  through  the  interaction 
between  these  mesons  and  orbital  electrons  of  chemi- 
cal substances 

The  ptomc  X  rays  were  measured  with  some  com- 
pounds of  multivalence  atoms  such  as  Be*  B,.  As*  O. 
and  Mn*  O,  and  the  intensity  are  compared  with  one 
f  the  X  rays  from  the  atoms  in  mixtures  of  the  same 
components  Some  experimental  data  are  shown  in 
Fig  23  These  results  seems  to  support  the  assumption 
of  molecular  orbital  interaction  between  electrons  and 
ptons  in  the  first  stage  of  pton  capture  in  atoms 
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crs  and  hiv  thin  (IOOja  SUS)  front  cod  Proton 
detectors  consist  of  two  lines  of  plastic  scintillators.  A 
preliminary  data  analysis  was  performed  for  the  inci- 
dent energy  of  70  MeV  Angular  correlations  of  high 
energy  (E,  ,  E,  <  30  MeV)  cuckoos  show  a  peak  at 
the  angle  corresponding  to  two-nucleon  absorption 
The  angular  distributions  deduced  for  two-nudeoo 
pan  of  the  (x.  pn)  reaction  arc  shown  in  Fig.  25 
these  figures  show  dear  asymmetry  about  90*.  and  the 
shape  of  the  angular  distribution  oT\Z",  pn)  reactions 
arc  very  similar  to  that  of  the  (**,  pn)  reaction. 


Fit-2X  (»)  '■•  -j  rvtim  'f1  -'-  Xftyi  "  -*  '  Y  fnn 

•T  »  to  tel.  (fc)  lata**?  ratfa*  •(  At  pwtf:  X-rir,  W 
■■    ■»fA>Oiiiipi  I 


Experiment  110  (flNUCL) 

Study  of  Particle  Correlation  ut  Pion  Absorption 

In  the  previous  experiment  (E91),  we  measured  the 
ratios  (R)  of  pion  absorption  probabibty  of  a  p-n  nu* 
cleon  pair  to  that  of  a  p»p(c*n)  nucleoc  pair  in  nuclei, 
and  found  that  R  was  about  4  0  for  bght  nuclei. 

At  the  present  experiment,  we  study  in  detail  the 
process  of  absorption  on  P-wavc  nuclcon  pairs  using 
*Li  and  7U  targets  Angular  correlation  of  the  (k*. 
PP)  and  (x*.  pn)  reactions  were  measured  at  the 
beam  energy  between  70  MeV  and  160  MeV  Figure 
24  shows  the  experimental  arrangement  Neutron  de- 
tectors are  6*o  x  6'  NE213  liquid  scintillation  count- 
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Experiment  111  (Th) 

Measurement  of  neutron  spectra  from  Th 

In  this  experiment,  we  measured  the  inclusive  neu- 
tron spectra  from  Th  as  a  preliminary  test.  The  pur* 
pose  of  the  study  is  to  obtain  the  basic  data  for  the 
accelerator  breeder  and  to  understand  the  high  energy 
nuclear  reaction  based  on  the  moving  source  mood. 
The  accelerator  breeder  is  very  important  since  the 
shortage  of  2"U  resources  is  expected  in  future  and 
the  capacity  of  the  fast  breeder  reactor  is  insufficient 
for  the  rapid  production  of  nuclear  fuel.  The  accurate 
values  of  the  spallation  cross-section  is  essential  for 
the  estimation  of  fissile  production  rate  and  for  feasi- 
bility study  of  the  accelerator  breeder  The  o\ita  are 
qur.e  insufficient  now.  there  is  no  reliable  value  of 
that  for  Th.  which  is  a  most  iirnortant  neutron  source 
for  the  production  of  fissile  through  :MTb  + 
n  -  :3VTh  -  :"Pa-  J"U  reaction.  On  the  other 
hand,  we  found  from  Experiment  90  that  the  neutron 
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the  neutron  spectra  can  be  expressed  in  terms  of  for* 
madon  of  highly  exated  local  moving  spot  and  thr  ye 
stages  of  nuclear  emission  from  the  spots  In  high  en* 
ergy  nuclear  reaction,  it  is  interesting  10  know  the 
neutron  spectra  of  wide  angular  range  and  different 
incident  energy  with  the  heavy  targets 

Neutrons  were  measured  by  8  counter  telescopes 
which  consist  of  a  liquid  scintillator  and  a  thin  plastic 
scintillator  arc  placed  from  IS*  to  160*  in  plane  for  4 
GcV/c  2.5  GeV/c  and  1.5  GcV/c  protons  beam  Pre- 
liminary results  shown  in  Fig  26  indicate  that  the 
spectra  seems  to  be  expressed  by  intra  nuclear  cascade 
calculation  except  low  energy  part  (improved 
MECC7.  evaporation  is  not  included  in  the  calcu- 
lation) 


so  iM  r>o 
E„IM-V> 


F\g.  24.  [Kbitt  Mstrtm  tfectra  nmftni  wtrk  fatra  axcttsr  tmc*4« 
*tr2M43GtV/c. 


Experimant  113  (ND) 

Production  mechanism  of  Deultron  ut  pA  collisions 

Coincidence  spectra  of  p  and  d  m  the  quasi-elastic 
scattering  have  been  measured  at  large  momentum 
transfer  in  3  GeV/c  pA  collisions.  This  reaction  is 
considered  to  take  place  through  a  neutron  exchange 
process  between  the  incident  proton  and  a  quasi -de u- 
teron  in  the  nucleus  In  our  previous  experiment  tt 
LBL,  the  following  features  are  observed: 

1  Quasi-deuteron  is  a  proton-neutron  pair,  in  which 
momenta  of  two  nuclcons  are  correlated  a  nil -paral- 
lel. 

2  Scattering  from  such  momentum-correlated  c'.uster 
seems  to  be  an  important  source  for  emission  of 
backward  protons. 

3  With  a  light  target  nucleus,  the  probability  to  ob- 
serve pd  in  the  quasi-elastic  scattering  is  relatively 
high  and  kinemaucally  dean.  Therefore,  this  re- 
action can  be  used  to  study  high  momentum  com- 
ponent of  nucleon-nucleon  correlation. 

For  the  further  study  of  th>:  quasi-deuteron,  it  is 
necessary  to  determine  the  p>  :vaauty  of  quasi-deu- 
teron  in  a  nucleus  and  also  internal  momentum 
distribution  of  nucleon  insid.  the  quasi-deuteron.  Us- 
ing the  FANCY  Spectroroetei  System,  we  have  meas- 
ured p  and  d  over  a  wide  kinematic  region  at  p^^  - 
3  GcV/c  and  1  5  GeV/c  We  have  finished  the  data 
taking  and  are  on  the  stage  of  analysis 
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IvUaauramant  of  the  Mesa  of  the  Electron 
Neutrino  using  Electron  Capture  in  ,MHo 

(  KEK-Osaka. Tohoku-Tsukuba-Kyoto-TIT'tNS'Tok><o 
Collaboration) 

Our  mvc  'Studies  are  now  going  on  well,  along  the 
lines  descnbed  in  our  talk  at  the  Brighton  Conference 
(S  Yasumi,  Proc  of  iDt.  Europhy*.  Conf.  High  En- 
ergy Physics,  Brighton,  1983  391)  We  have  already 
obtained  a  relationship  between  and  the  Q-value 
of  '"Ho  using  the  value  ofTMi/»  «ud  the  nuclear  ma- 
tnx  element  relevant  to  the  transition 
,wHo  -»  ,MDy.  We  are  now  trying  to  improve  the 
precision  of  the  my*  value,  as  determined  from  the 
Q-value.  by  reducing  experimental  uncertainties  both 
in  the  total  number  measurement  for  ,wHo  atoms  in 
the  sources  and  in  the  M  X-ray  intensity  measure- 
ment. For  the  former,  we  are  measuring  the  total 
number  of  ,MHo  atoms  in  the  sources  using  Isotope 
Dilution  Mass  Spectrometry  as  well  as  the  PIXE 
method  Further,  in  order  to  remove  the  uncertainty 
in  the  thickness  of  the  beryllium  window  in  the  Si(U) 
detector  used  to  measure  M  X-rays  from  U3Ho.  a 
windowless  Si(U)  detector  has  been  purchased  from 
HO  RIB  A  Company  Ltd.  With  this  device,  we  have 
succeeded  in  obtaining  a  very  beautiful  M  X-ray  spec- 
trum  from  a  ,MHo  source 

If  the  Q-value  of  '"Ho  is  determined  independ- 
ently.  rave  can  be  obtained  from  the  mye  -Q  relation- 
ship mentioned  above 

On  the  other  hand,  in  order  to  determine  both 
and  the  Q-value  simultaneously,  we  are  doing  studies 
of  the  M  shell  in  dysprosium  using  monochromatic 
photons  from  *he  2  5  GeV  Electron  Storage  Ring  in 
our  Photon  Factory 

The  expenmental  setup  is  shown  schematically  in 
Fig  27.  Undulater  radiations  from  the  BL-2  line  of 
the  Light  Source  Ring  are  monochromated  through  a 
double-reflection  monochromator  made  of  beryl  crys. 
tal  and  impinge  upon  a  Dy  target  Incident  photon 
beams  are  monitored  with  a  photon  detector  We  use 
beaim  with  five  different  energies.  E4.  E„.  E,.  fcd,  and 
Et  where  E,  >  EM|  >  Eb  >  EMj  >  Ec  >  EM,  >  Fj 


>  HM4  >  Ee  >  EM  j.  and  EM|  (i-l-5)  stands  for  the 
binding  energy  of  the  Mi  subshell  as  indicated  in  Fig 
28  The  energy  widths  of  these  photon  beams  are  a 
few  eV  and  sharp  enough  to  remain  distinct  from  each 
subshell  level  M  X-rays  emitted  by  dysprosium  atoms 
excited  by  the  incidets.  photon  beams,  arc  measured 
with  two  Si(Li)  detectors,  one  of  which  is  set  in  the  di- 
rection of  the  polarization  of  the  photon  beams  (hori- 
zonal)  and  the  other  is  set  at  an  angle  of  90#  to  the 
direction  of  the  polarization  of  the  photon  beams 
(vertical),  as  shown  in  Fig  27.  if  S^  denotes  the  M 
X-ray  fluorescence  spectrum  from  Dy  atoms  exated 
by  monochromatic  photons  having  an  energy  Eg 
(u-a-e).  Sta  is  represented  by  the  following 
equation. 


-  Nm-Zofo-S^  (1*1-5) 


(1) 


where 

SM(  M  X-ray  spectrum  in  the  case  where  there  is 
one  vacancy  in  the  M,  subvhell  only, 

o,*^.  photo  electnc  cross  section  of  the  M,  subshell 
for  a  photon  of  an  energy  E^. 

N  ,  total  number  of  incident  photons  per  second. 

m  number  of  dysprosium  atoms  in  a  target  per 
cm: 

Rewriting  equation  (I)  in  detail.  «,  have 


V  *  Nm  ( 

Sid  *  Nm  ( 

S>(  *  Nm  ( 

If  o,ba  is  known,  one  can  obtain  Sy,  <i-5~U  h 
turns  ufing  the  above  five  equations  SM,  and  Sv: 10 
Fig  28  are  theoretical  spectra  which  were  calculated 
by  T  Muko;  ama 
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i, /pi" /*-»„,. 

02  -  P2M>  x(dnMl/dt))  /P,10-^ 


(3) 


where  p!MI  and  P2MI  stand  for  counterparts  in  S*,, 
for  peaks  I  and  2  in  S,l4,Ho  respectively,  and  P>M2 
stands  for  a  counterpart  in  SM2  for  peak  2  in  Mo 
in  Fig.  28 


Fit-  27.  ExftraaaaW  m«*  far  ■taJtn  «f  At  M  ftal  la  Ijiiinl— 

— »dw—tlc  jfc  ttm  Mm  23  CtV  Cfartrw  S*. 

raf*  Kk(  »f  tat  fkttM  Fattary  la  KOL 


If  SpU,Ho  sunds  for  a  photon  spectrum  from 
'"Ho,  where  the  number  of  photons  per  atom  per  sec* 
ond  is  plotted  as  a  function  of  the  energy  of  the  pho- 
tons, as  shown  in  Fig  28,  we  then  have 


■  ^-(dn^/dO^-Cdn^/di) 
Sp^-Xm.'Sm.^m,.^  (2) 


Nvi,  (i  -  1 .2)  number  of  vacancies  produced  in  the 
M,  subshell  in  the  decay  mHo  lSJ£?Dy, 

nMl(««^2)    NMi/N„  . 

N0  Cola]  number  of ,fcJ Ho  atoms  in  the  source, 

XM)  (t*  1,2)    partial  Mi<apture  decay  constant. 

Equation  (2)  tells  us  that  when  we  reconstruct  Sp'**H<> 
Ho  using  spectra  S^t  and  SM%,  these  coefficients  of 
SMi  and  SM>  correspond  XM,  and  XM>  respectively 

An  alternative  way  to  get  XM,  and  XM>  is  the  fol- 
lowing which  is  based  on  the  fact  that  peak  I  in  Fig  2 
comes  from  (he  Mj  subshell  only  and  peak  2  in  Fig 
28  comes  from  (he  Mj  and  M>  subshells 

If  the  intensities  of  peak  I  and  peak  2  in  Sp'Mh<> 
are  denoted  by  I,  and  I;  respectively,  we  have 


Level  scheme 
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FH  2S.  PrUrfpk  of  tW  uatrtaMat.  Sfactra  SM)  m4  Sm2  *•*  <W- 
orttiral  mm  wkkfc  »tr»  calcaJatctf  bj  T.  Miltyuu, 


On  (he  other  hand  XM,  and  XM2  are  expressed  as 
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X*.  -   2  799x(Q-2O47).V(Q-2O47),-nU:xl0',: 
per  sec. 

Xmj  „  01368x(Q-!84!)V(Q-l.S4O,-m^2xl0-12 
per  sec  .  (4) 

where  myc  and  Q  are  given  id  KcV 

Using  X»4,  and  XM2  as  determined  experimentally 
(equations  (2)  and  (3)X  both  and  the  Q-value  can 
be  obtained  from  equations(4). 

Some  preliminary  results  has  been  recently  ob- 
tained by  us.  As  an  example  of  spectra  exper- 
imentally measured,  figure  29  shows  a  spectrum  SE, 
together  with  the  corresponding  theoretical  one  where 
E,  -2.147  KeV.  Spectrum  S*,,  is  shown  in  F:g.  30, 
which  was  reduced  from  ex  pen  menu  I  spectrum  SCc 
mentioned  above.  In  the  figure  the  corresponding  the- 
oretical  spectrum  t>  also  shown. 


Sms  Spectrum  of  Oy 
IO*\  


0  3  10  13  so  23 

X-ray  Energy  (k»V) 


Flc.  3a  Smarm  ^AiHUm  rmnmm  tht  i  i  ,i  Mm 
*f»rtc»l  tmctnm  tf>fy  w~il*U  m  m  to  fit  U* 
V""«  tmztnm  mt       tmctnm  k  t^mrnmm. 


X-ray  Spectrum  irom  ,MHo 

10  r   


x-roy  Entrw  iktv)  x-ray  Energy  (keV) 


Ft  2t.Sy«*Mi  St.  wfccrtE*  -  2.147  KtV.  A  MM  cvnc  rtw«».  "»  R«*«*tn*i»«     S,     M#  tmtUmi        Sm  i  »«4  Su*  A 

wtt  At  i  Mn  cWrtcW  tpcm*  «Mca  «»  o»k»-  <«W  nm  m4  / *k-*«M  am  TiTmmJ 

BtWS/^^twiMlSMji^blwwitaL  *SM1  ♦Xm,-SM2. 


Due  to  lack  of  the  statistics,  we  tentatively  ana- 
lysed the  data  as  follows*  At  first  the  theoretical  spec- 
tra for  Sm.  has  been  slightly  modified  so  as  to  fit  both 
SPU,M*  spectrum  and  SMJ  spectrum  in  dysprosium 
Then,  using  the  modified  theoretical  spectra  for  SM, 
and  Sm:  *ht»  obtained.  SpUSli°  spectrum  was  recon- 
structed (solid  curve)  as  shown  in  Fig  31 

The  coefficients  used  in  this  reconstruction  are 


■  (0649410  19l9)xlO''W. 
X„2  » (0  066610  0197)  x  10* 12 sec"1 

These  two  values  give  us  the  following  tentative 
results  for       and  the  Q-value 
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IV  »  24Si500eV. 
0  •  2S6i027  KeV 

Proton  Dtcay  Experiment  at  KAMIOKA 

The  detector  construction  of  KAMIOKA  Nucleoli 
Decay  Expenment  {KAMIOKANDE)  was  completed 
by  the  end  of  Miy.  1983.  ifter  about  two  year's  con- 
struction works  on  the  cavity  excavation  for  exper- 
imental site,  the  3.000  m1  steel  tank,  a  water 
purification  system,  a  preparation  of  more  than.  1.000 
Urge  20*  photomultiplier  tubes  and  in  associated  elec- 
tronic system  For  final  assembling  the  1.000  photo- 
tubes in  the  tank,  it  took  almost  two  months  to  msu!l 
all  of  them,  while  filling  the  3.000  m1  water-tank  with 
a  pure  water  Electronics  and  data  acquisition  system 
were  also  .prepared  and  tested  in  parallel  at  the  nearby 
electronics  hut  After  these  preparatory  works 
imshed.  the  KAMIOKANDE  detector  finally  became 
:ulty  sensitive  and  suited  its  operation  at  July.  6. 
I»)83  The  detector  has  been  running  very  excellently 
Nnce  then,  with  a  livctime  efficiency  of  about  80% 

By  the  beginning  of  Apnl.  1984.  we  have  tola!  201 
iluvs  of  livetime.  which  means  the  sensitivity  of  485 
'<>n-years  or  2  9  x  |0'2  nucleon  years,  with  a  normal 
duciil  volume  of  880  tons  for  nominal  nucleon  decay 
(.tents  The  detector,  thanks  for  its  large  photosensi- 
iue  area  of  about  20%  of  its  total  area,  has  a  very 
good  energy  resolution  and  an  excellent  pattern  recog- 


nition capability  Thus,  event  scanning  and  analysis 
goes  very  smoothly  with  a  week  or  so  delay  after  tak- 
ing data  on  the  magnetic  tapes. 

So  far  we  have  obtained  80  events  with  event -ver- 
tices contained  in  the  fiducial  volume.  Out  of  these  80 
events,  59  events  have  a  single  Cerenkov  ring  and  21 
events  with  two  or  more  nngs  Comparisons  have 
been  made  with  a  detailed  Monte  Carlo  program  to 
simulate  cosmic  ray  v  interactions,  and  it  is  seen  that 
the  most  of  events  can  be  explained  as  v-mduced 
events  Two  events  still  remain  as  a  possible  candi- 
date for  nucleon  decay  with  a  conceivable  decay 
mode,  the  one  with  p  -»u*n/(-*nr).  "*  u*  K'(kV), 
or  n-*  e'p"  and  the  other  with  p~»  e*»*  or  n  -» 
e*p~  with  (KmrHour  nng  structure  The  detector  is 
continuing  its  steady  non-stop  operation  with  the  pre- 
sent water  transparency  of  more  than  35  meter.  For 
detailed  information  of  the  experiment  and  the  per- 
formance, a  reader  is  referred  to  the  reports  published 
elsewhere.  (K.  Takahasbi.  Proc  of  the  Third  Work- 
shop on  Grand  Unification,  Univ.  of  North  Carolina, 
NC.  USA  in  KEK  Prepnnt  82-4.  (1982).  M.  Ko- 
shiba.  Proc.  of  21  si.  Int.  Conf.  on  H.E.  Physics,  Paris 
1982.  Prepnnt  UTL1CEPP-82-04  (1982).  M.  Koshiba. 
Talk  at  the  1983  Int't  Symposium  on  Lepton  and 
Photon  Interactions  at  H.E  Cornell  Univ.  N.Y.,  Au- 
gust. 1983.  and  K  Takahashi.  Proc.  of  the  Mini-Con- 
ference on  Low  Energy  Tests  of  Conservation  Lows  in 
Particle  Physics.  Virginia  Poly  tech  Inst,  and  S  U  . 
Virginia.  September.  1983.  Y  Totsuka.  A  talk  given 
at  the  XIX  th  Rencontre  de  Mononde.  La  Plagne. 
Feb  26  •  March  4.  1984.) 


BEAM  CHANNELS  AND  INSTRUMENTAL  FACILITIES 


BEAM  CHANNELS 

Operation  and  Maintenance  of  Beam  Lines 

In  FY  1983  the  beam  lines  around  the  12  GeV 
Proton  S>nchrotron  were  operated  for  nearly  three 
thousand  hours  to  perform  the  ph>sics  expenments 


and  vanous  tests.  The  beam  line  parameters  are  listed 
in  Table  3 

As  doc n bed  in  the  previous  reports,  we  have  the 
slow  extracted  proton  beam.  EP2.  which  is  split  into 
three  ways  as  shown  in  Fig  32  The  first  VJt  beam, 
EP2-A.  is  hitting  the  production  targets  of  the  K2 
beam  I.  t  .  nd  the  xu  beam  channel.  The  second  split 
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beam.  EP2-B.  »s  trr  Jiating  the  production  target  of 
ihe  xl  and  T2  beam  lines  The  third  one.  £P2*C.  »s 
hitting  the  production  target  of  K3  and  K4  beam 
lines  K4  beam  line  construction  is  completed  in  the 
fall  of  FY  1983 

The  internal  target  beam  linn.  *2  and  TI.  are  stiH 
operating  for  the  experiments  and  the  delator  test* 
ings  The  typical  proton  intensities  of  the  EP2-A. 
EP2-B.  EP2-C  and  the  internal  target  were  10  x 
I0'\  OS  x  I015.  I  5  *  10,:and  1.3  x  10"  ppp.  re- 
spectively These  intensities  were  strongly  dependent 
on  the  accelerated  proton  beam  intensity  and  the 
phase  space  emitixnce  of  the  extracted  proton  beam 

The  major  experiments  performed  in  FY  1983  with 
the  K2.xl.  K3  and  x2  beam  lines  were  E92  (I).  E64. 
El 21  (xl).  E99  (Km).  E68  (ppc)  and  E90  (xAC).  re- 
spectively The  status  and  results  of  these  experiments 
are  given  in  the  previous  chapter 


fit  »  U»oM*dWUtei»Uc 

A  special  udution  shielding  concrete  blocks,  ton 
taming  high  percentage  of  limestone  iOCO»J  *erc 
tested  in  FY  19X2   Although  the  special  shielding 
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blocks  had  the  same  neutron  attenuation  length  as 
normal  concrete  blocks,  we  found  that  the  spectal 
blocks  had  veiy  small  residual  activities  after  ;hc  irra- 
diation with  high  energy  protons  and  neutrons  Some 
amounts  of  this  new  material  were  installed  on  the 
ceiling  of  the  EP2-C  beam  line  to  reduce  the  radiation 
level  of  the  site  boundary. 

Three  emergency  exits  from  the  slow  extracted 
proton  beam  line  tunnel  (EP2)  are  furnished  at  the 
splitter  magnet  area,  ihe  K2  beam  separator  area  and 
the  xl  beam  line  downstream  end  In  the  case  of 
emergency  such  a<  a  fr.  one  could  quickly  get  out 
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from  ihe  pnmary  proton  shielding  tunnel  through 
these  exits 

The  superconducting  S  GeV/c  unseparated  beam 
line,  xl,  wis  operated  through  the  year  for  the  expe- 
tments  E64  (xl)  and  El?)  (tMl).  Id  Uus  beam  tine 
we  have  five  convena<*aal  magnets  and  three  super, 
conducung  magnets-  a  2  Tesla  septum  bending  mag. 
net.  two  large  aperture  4  Tola  bending  magnets.  A 
Urge  aperture  superconducting  spectrometer  magnet 
(BENKEI)  was  also  operated  together  with  the  xl 
beam  hne.  We  have  operated  the  xl  beam  line  and 
the  BENKEI  spectrometer  magnet  for  more  than  ten 
thousand  hours  in  the  superconducting  stale  so  far 
The  purposes  of  introducing  superconducting  magnets 
in  the  beam  line  and  the  spectrometer  system  »  to 
grade  up  the  performances  with  high  magnetic  fields, 
and  to  save  energy  consumption  The  experience  of 
the  construction  and  the  operation  0f  this  system  will 
very  helpful  for  the  construction  of  more  sophisticated 
superconducting  magnet  systems  in  the  future. 

A  high  momentum  test  beam  line.  T2.  constructed 
in  FY  1982  This  beam  line  was  very  useful  for  vari- 
ous testing  of  TRISTAN  detector  elements,  such  as 
lead  glasses,  scinclators  or  various  chambers 

A  low  momentum  antiproton  beam  line.  K4.  *as 
designed  and  constructed  for  the  experiment  E68 
(ppc)  This  beam  line  is  a  branch  of  ihe  K3  beam  tine 
Double  stage  mass  separation  s>stem  was  adopted  to 
get  a  antiproton  beam  with  less  contaminating  parti, 
cles  The  design  parameters  of  the  K4  beam  line  are 
given  in  Table  4  The  layout  of  the  beam  line  is  shown 
in  Fig  33  and  the  overview  of  the  downstream  part  of 
K4  beam  line  is  shown  m  the  front  page  of  the  phys- 
ics department  The  beam  line  construction  is  com- 
pleted in  the  summer  of  FY  1983.  after  replacing 
K3-D2  by  K4-Q5  and  Q6  The  experiment  E68{  ppc) 
started  this  fall  with  this  new  beam  line 

In  the  EP2  tunnel,  many  TTV  cameras  are  insulted 
to  watch  primary  beam,  target  area  or  some  beam  line 
elements  These  cameras  used  to  be  damaged  very  of* 
ten  by  a  strong  radioactivity  tn  the  tunnel  Semicon- 


ductors in  the  cameras  were  mainly  responsible  for 
these  damages  A  camera  in  which  some  semiconduc- 
tors were  replaced  by  electronic  tubes  was  developed 
This  t>pe  of  cameras  will  be  made  in  FY  1984  and 
will  be  tested  in  the  EP2*tunnel  after  the  long  shut- 
down 

In  FY  1984.  we  have  a  long  scheduled  shutdown 
of  the  12  GeV  Proton  Synchrotrou  for  the  TRISTAN 
tunnel  excavating  under  the  proton  synchrotron  accel- 
erator facilities.  Dunng  this  shutdown  penod.  beam 
lines  have  been  pla^aed  for  the  next  generation  of 
physics  cxpennents  with  the  12  GeV  protons  Since 
the  beam  line  elements  have  been  operated  for  nearly 
ten  years,  some  of  them  have  serious  damages  A  part 
of  targets,  slits,  magnets  and  shieldings  will  be  re- 
placed by  new  ones. 

Cryogenic  FaciiL>» 

The  helium  refrigeration  system  of  8  OcV/e  pion 
beam  line  was  operated  for  the  expenment  of  E-121. 
This  helium  refngr.ation  system  has  started  test  oper- 
ation in  FY  1981.  The  total  operation  is  approximate 
11000  hours  in  Feb  1984.  The  operation  statistics 
from  FY  1981  to  FY  1983  «  showed  tn  Table  5. 

Hydrog-n  Targets  have  been  used  for  the  exper- 
iments E-121.  E-92  and  E-68  in  this  yc*  The  appen- 
dix for  E-68  had  a  large  capacity  that  was  about  3  t 
and  made  a  thin-suinless  steel.  So  that  Target  was 
used  refngerator  of  large  refrigeration  power. 

The  design  of  cryogenic  systems  for  VENUS  and 
TOPAZ  superconducting  solenoid  magnet  began  in 
this  year  In  FY  1983.  it  constructed  cold  box  and 
screw  compressor  of  VENUS  cryogenic  system,  and 
then  it  constructed  cold  box  and  control  dewar  with 
liquid  He  pump  of  TOPAZ  cryogenic  system  The 
control  systems  have  been  designing  on  the  computer 
control,  and  it  ordered  distnbuted  control  systems  and 
mint -computers  Figure  34.  35  show  a  cryogenic  sys- 
tem flow  diagram  of  VENUS  and  TOPAZ. 
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Electronic*  and  On -tin*  computer  facitftlos 
for  High  Enocgy  Expodmont* 

Electronics  group  supported  standard  electronics 
for  high  energy  expenraents  tt  12  CeV  proton  »yn- 
chrotron.  Recent  experiments  use  a  number  of  chan- 
nels of  caionmeter  comas  and  cathode  readout  of 
wire  chambers.  Such  experiments  require  many  chan- 
nels of  ADC  with  12  bit  rcaoliooo.  For  supplying 
ADO  for  these  application  bocae-made  ADC  was 
developed  :%  a  CAMAC  module  with  16  channels  per 
card. 

The  other  main  activity  of  this  troop  is  contrib- 
utions to  the  development  of  electronic!  system  for 
TRISTAN  experiments.  Large  TDC  system  for 
VENUS  drift  chamber  was  designed  in  the  framcwotfc 
of  FASTBUS  and  prototyped  in  cooperation  with 
VENUS  experimental  group.  The  tysaem  consists  of 
23  TAC  modules  02  channels  per  mc/idc)  and  1 
ADC  module  in  a  FASTBUS  crate  The  digitized  data 
are  corrected  for  linearity  and  pedestal  subtraction, 
and  stored  in  a  buffer  memory  which  are  readout 
through  Segment  Interconnect. 

The  readout  ckctrooics  of  time  of  flight,  counters 
for  both  VENUS  and  TOPAZ  detector  was  studied 
for  high  accuracy  in  the  time  measurement  The  pro- 
totype  module  impkuxated  in  CAMAC  in  being  built 
for  evaluation  of  the  circuit  which  included  two  pairs 
of  ADC  and  TDC  channels  for  a  counter  unit 

The  Hnev  summing  amplifier  was  designed  last 
year  for  energy  sum  trigger  by  barrel  calorimeter  and 
bull  the  production  veraoo  in  thb  year.  The  proto- 
type of  pre-cmplifier  for  drift  chamber  was  designed 
tnd  hybridutd  for  systematic  test  of  signal  trans- 
mission from  the  chamber  to  the  TDC  system. 

FASTBUS  is  new  international  standard  for  dau 
^quisitioa  system  for  high  energy  experiments.  In  the 
TRISTAN  cxpenments  the  FASTBUS  has  been 
adopted  as  the  standard  for  data  gathering  system  to 
on-line  host  computer  VAX! DEC).  In  this  year,  the 
modules  cf  key  element  for  the  dau  aquisiuco  system 
hive  been  built.  These  ire  VAX -FASTBUS  Processor 
Interface,  Motrola  6*000- FASTBUS  Processor  Inter- 
face.  FASTBUS  Cable  Segment  Simplex  Segment  In- 
terconnect. FASTBUS- person*!  computer  interface, 
tnd  ancillary  lope  units  of  Crate  Segment.  Indiviouil 
elements  hive  been  tested  stx\**sfully  For  the  overall 
test  under  the  realistic  condition,  we  have  to  wad  the 


completion  of  the  analog  readout  modules  until!  next 
year 

In  this  year,  micro  computer  system  is  standard- 
wwl  by  On-Une  group  for  TRISTAN  experiment  with 
M1CR0/PDP(DEC)  which  arc  distributed  for  each 
detector  dement.  Tlx  main  usages  are  monitoring  and 
tuning  up  of  each  detector,  independently.  These  are 
used  separately  in  the  phase  of  detector  construcuoa 
and  connected  to  the  host  computer  VAX  through 
Ethernet  local  area  network  after  the  installation  of 
all  detector  dements.  The  bask  software  tools  for  pro- 
gramming of  the  dau  taking  through  CAMAC  system 
were  prepared  by  On-Linc  group. 

The  networking  of  various  computers  and  termi- 
nals is  very  important  facility  not  only  for  efficient  uv 
age  of  computer  resoui-e*.  but  also  for 
communication  and  infermauon  exchange  between  us- 
ers and  between  machines.  On-Une  group  supports 
more  than  30  low  cost  ASCII  terminals  as  a  full 
screen  terminal  of  VAX  and  M-200H  through  thf 
ponsekctor  «nd  9415/E  emulator  in  cooperation  with 
the.  Data  Handbag  division.  The  present  status  of  the 
interconnection  of  computers  and  terminals  is  shown 
in  the  fgure  below.  The  access  fian  outside  of  the  la- 
boratory is  available  through  so  called  TRISTAN- 
NET  which  links  computers  of  rj  ember  universities 
via  the  packet  exchange  network  of  NTT  (DDX)  as 
shown  in  the  figure.  The  network  was  implemented  it 
five  universities  in  this  year.  The  other  universities  will 
be  linked  i'*  tne  comiry  years 
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RESEARCH  AND  DEVELOPMENT  OF 
MAGNETS  AND  DETECTORS 


Development  of  Superconducting 
Accelerator  Meg  net 

Although  the  construction  of  a  superconducting 
proton  ring  in  the  TRISTAN  tunnel  »  deferred,  we 
Have  continued  the  basic  study  on  engineering  prob- 
lems of  the  superconducting  magnets.  Based  on  the 
>ucccssrd  experience  in  several  short  length  dipole 
magnets,  we  have  constructed  a  five  meter  long  proto- 
type NbTi/Cu  dipolc  magnet  in  FY  1982  ~  1983. 
This  magnet  is  a  5  T  NbTi/Cu  accelerator  dipole  of 
warm  bore  and  warm  iron.  The  coil  inner  diameter  is 
m>  large  as  140  mm  and  the  coil  length  is  5  1  ra.  The 
other  mam  design  parameters  are  given  in  Table  6. 
The  coils  were  wound  in  double  shell  with  a  Key- 
>ton«J  Rutherford  cable  of  27  NbTi/Cu  strands.  The 
cubic  is  mainly  insulated  with  Kapton  tapes  and  small 
amount  of  epoxy  resin.  These  cods  were  cured  in  a 
<i  of  strong  jigs  and  then  tightly  clamped  with  316L 
>tain!ess  steel  collars  by  welding  in  a  hydraulic  press. 
The  cross-sectional  structure  of  this  dipole  is  similar 
o  that  of  the  Fermilab  Tevatron  dipole  except  for  the 

The  trainings  could  be  red  need  by  application  of 
higher  prcstress  at  the  clamping  of  coils  These  coils 
were  assembled  in  the  warm  iron  laminated  yoke  to- 
gether with  the  horizontal  cryostat  The  overview  of 
the  magnet  ts  shown  in  the  figure  on  the  front  page  of 
the  physics  Department  The  design  parameters  of  this 
prototype  dipole  magnet  are  given  in  Table  6. 


table  *  Mai*  4r0t»  psnmrfm  of  iW  r.ouopr  *iVn/t»  4>poir 


C<h|  inner  dameier 

1*0  mm 

Warm  bore  Junrvtm 

VO  mn 

Coil  lenjih 

$  10  m 

Mjjnet*.  kfttin 

a  X2  m 

Collared  vott  »o«hi 

2  i 

Toral  rut  net  »ojM 

95  i 

Ccrtral  IkU 

5  I 

C  ufrmi  ai  *  I 

a  S"0  A 

!*ixoJ  er*crr. 

1  ft  MJ 

InOuvurne 

135  mil 

Ituf^iRt  roue 

2xlii*  N  m 

Transition  Red  let  ion  Detector 

The  transition  radiation  detector  (TRD)  is  a  pro- 
missing  detector  for  parade  identification  at  extremely 
rt  latins  tic  region.  In  the  VENUS  detector  of  TRIS- 
TAN, there  reserved  a  room  for  particle  identification 
detector  within  the  superconductive  solenoid.  The 
function  of  the  TRD  in  the  VENUS  detector  is  a  pos- 
itive identification  of  electrons  from  large  pion  beck- 
ground  in  a  mdti-perncfe  jet  event  The  TRD 
provided  independent  and  additional  pion  rejection 
power  to  the  lead  glass  calorimeter. 

As  the  first  step  of  the  development,  seven)  radi- 
ator materials  were  tested  on  the  emission  efFoeacy  of 
transition  radiation  photon.  The  radiators  ait  carbon 
fiber,  polypropylene  fiber,  polypropylene  sheet.  Mylar 
sheet,  and  plastic  foam  in  ±i  realistic  size  within  the 
detector.  The  parent  electrons  are  swept  out  of  the 
chamber  by  a  magnet  alter  passing  through  the  radi- 
ator. The  emitted  photons  were  guided  through  He- 
bag  and  detected  with  a  Xe-filkd  wire  chamber.  The 
photon  spectra  and  emission  efficiency  were  measured 
with  charge-integration  ADC  and  compared  to  the 
theoretical  calculation.  As  the  best  material  among 
the  radiators  tested,  we  chose  polypropylene  fiber 
which  showed  high  emission  efficiency  and  is  conven- 
ient for  installation  to  a  large  cylindrical  detector. 

Further  test  with  the  polypropylene  fiber  were  ear- 
ned out  for  finding  the  optimum  density  and  length  of 
the  radiator  and  chamber  within  the  allowed  space.  In 
this  ex  pen  meet,  single  layer  of  radiator  and  chamber 
was  used  as  shown  in  the  Figure  37.  The  real  detector 
has  multi-layer  of  the  radiator  and  chamber.  In  order 
to  simulate  in  the  data  analysis.  Following  this  way, 
elect ron-pion  separation  was  rammcrl  at  2  GeV/c  by 
comparing  the  truncated  mean  distributions  of  the 
pulse  height  for  pion  and  electron  beam.  The  signals 
of  electrons  include  the  transition  radiation  photons  in 
addition  to  the  ior*xauon  loss  in  Xe  gas.  A  typical 
data  is  shown  in  the  Figure  37.  The  resultant  pion 
contamination  (%)  is  plotted  as  a  function  of  the  elec- 
tron detection  efficiency.  In  the  analysis.  4  and  6  lay- 
ers configuration  were  simulated.  For  comparison,  the 
data  of  Buengencr  et  aL  (Nuel.  Instr.  and  Methods. 
214  (1983)  261)  is  shown  in  the  AFigure.  The  ex- 
pected performance  of  the  TRD  in  the  VENUS  detec- 
tor is  the  pion  rejection  factor  of  1/20  - 1/50.  Extensive 
test  for  radiator  and  chamber  structure  has  to  be  fol* 
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lowed  for  the  construction  or  the  Urge  cylindrical 
TRD. 


90  90 

Electron  Efficiency  {%) 


WM«>iKMi}«ibwld«nl- 
imriif .  TW  i  iliii  i  l»  «  fHA  fH31  i/cm**2)  «f  yfr- 


Heavy  liquid  counter  (HEUCON) 

It  ww  mentiooed  in  the  original  mineralogkal  pa* 
per  written  by  CJerici  (E.  CkncL  Atti  Acid.  Nix. 
lined  (R-5)  161  (1907)  IS7)  that  a  water  solution  of 
glycolic  thalKum  has  a  density  d  -  3.95  g/cc  and  that 
of  lactic  thallium  d  -  3.40  f/cc  However,  he  stated 
that  the  viscosities  of  those  liquids  were  so  high  and 
that  it  was  inadequate  to  use  them  Tor  mineral  sepa- 
ration; therefore,  no  mention  was  given  of  transparen- 
cies cr  colours  for  these  liquids. 

We  have  processed  glycobc  thallium  and  lactic 
thallium  and  dissolved  in  water.  The  resultant  heavy 
liquids  were  opaque  immediately  after  the  dissolution 
in  water.  After  heating  the  liquids  to  about  S0*C  and 
extracting  the  water,  these  liquids  became  colourless 
solutions  of  high  viscosities  and  kept  the  transparent 


colourless  states  while  these  were  cooled  down  to  the 
room  temperature  around  20'C.  If  the  liquids  were 
cooled  further  down  to  O'C.  these  tended  to  crystalae 
and  this  tendency  strongly  depended  upon  the  amount 
or  water  left  in  the  solution  for  both  cases.  It  is  likely 
that  the  liquids  are  in  metas table  states  around  this 
temperature  region. 

These  properties  are  extremely  analogous  to  that 
or  the  mixture  or  lead  acetate  and  lead  propionate  dis- 
solved in  water  (T.  F.  Boucs  and  P.  B.  Fleming:  U. 
S.  Patent  No.  3,937.970  (1976).  A.  Kusumegi  and  Y. 
Yoshimura:  NucL  Instr.  and  Method,  in  press)  bat 
with  the  viscosity  less  than  that  of  lead  acetate-pro* 
pionate  mixture.  The  measured  transmission  of  gry- 
couc  thallium  solution  is  shown  is  Fig.  38  and  that  of 
lactic  thallium  in  Fig.  39  (A.  Kusumegi  and  Y.  Yoshi- 
mura: to  he  reported).  For  both  cases,  the  trans- 
missions did  not  reach  to  100%  as  slight  opacities 
already  appeared  is  our  samples  at  the  time  of  spec- 
troscopic measurement.  These  opacities  could  be  re- 
moved by  careful  control  of  processing  of  those 
liquids,  particularly,  of  extracting  the  water  from 
these  solutions. 


The  inclusion  of  an  organic  liquid  scintillator,  xy 
len  with  PPO.  was  tried.  It  was  much  easier  to  do  for 
these  liquids  than  for  thallium  formate  or  for  thallium 
formate< malonate  mixture  as  no  surfactant  was  re- 
quired for  mixing  the  liquid  scintillator  with  these  liq- 
uids to  an  amount  of  10-20%  in  volume.  However, 
the  scintillation  signals  Were  strongly  quenched  for 
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the*  liquid*  is  the  same  way  at  that  for  the  lead  ace- 
tate-propionate  mixture  (A.  Kiuumep  and  Y.  Yoshi- 
mura:  NucJ.  Instr.  and  Method,  in  press). 

From  the  practical  point  of  views  of  economy  De- 
velopment of  Superconducting  Accelerator  Magnet  of 
this  solution  was  satisfactorily  good  as  a  and  toxity. 
ban  urn  iodide  (Bal2  )  is  one  attractive  material  for 
transparent  heavy  liquid.  The  solubility  of  Bal2 
Jgainst  water  is  185  g  per  100  cc  at  10'C  and  it  forms 
a  heavy  liquid  of  the  density  d  -  114  g/cc  The  cal- 
culated radiation  length  for  this  solution  b  X©  -  5.4 
cm  The  measured  transmission  of  this  solution  was 
satisfactorily  good  as  a  Cherenxov  radiator  as  shown 
in  Fig  4C  <A.  Kusumegi  and  Y.  Yoshimura:  to  be  re- 
ported) We  pUn  to  test  it  with  the  beam  as  soon  as 
PS  restarted  the  operation  in  1985. 

So  far  no  systematic  investigation  was  made  on 
the  structure  of  heavy  liquid  of  thallium  formate  or 
thallium  malonate.  The  group  of  H.  OhtaJti  first  inves- 
tigated the  structure  and  some  physicochemical  prop- 
erties of  thalliuir.(!)  formate  solutions  (H.  Ohtaki  et 
al  to  be  reported  to  Int  Conf.  of  Complex  Salts. 
Colorado.  July  1984).  The  structure  of  aqueous  sol- 
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ution  of  thallium(i)  formate  of  10.77  mol/dm1  (d  - 
3.189  g/cc)  was  determined  by  X-ray  difTraction 
method  by  using  a  0-9  type  olfactometer  at  25#C. 
From  the  analysis  of  the  raidal  distribution  curve  and 
the  structure  factors  of  solution,  it  was  found  that 
thalliumfl)  ions  combined  with  formate  ions  to  form 
the  tetramer.  TMHCOO)*  m  the  solution  as  shown 
in  Fig.  41  and  the  interatomic  distances  with  the  com- 
plex were  determined.  The  details  will  be  published  in 
near  future  (K.  Ozutsumi:  Ph.  D.  Thesis.  Tokyo  Inst 
Technology  (1984)). 
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THEORY  GROUP 


People  in  our  theory  group  have  been  engaged  ip  a 
wide  variety  of  research  activities,  ranging  from  a  nu- 
merical computation  of  low  energy  hadron  spectrum 
to  application  of  unified  theories  to  cosmology.  Only 
a  brief  summary  of  activities  is  attempted  here. 

Quantum  chrotnodyuamics,  believed  by  many  to 
be  the  ultimate  field  theory  of  strong  interactions,  is 
producing  interesting  numerical  data  that  can  be  com' 
pared  with  experiments.  The  bask  method  is  Monte 
Carlo  simulation  on  a  discrete  space  time  lattice  (lat- 
tice gauge  theory).  In  collaboration  with  outside  pro- 
pie  (Fukugita.  Ukawa,  Iwasaki,  etc),  our  group  has 
performed  extensive  calculations,  using  computer  fa- 
cilities of  our  laboratory.  Although  results  are  in  gen- 
eral encouraging,  statistics  of  data  is  not  enough  and 
a  larger  capability  of  cr  puters  is  dearly  called  for 
Kaneko  et  at,  for  the  first  time,  studied  violation  of 
the  OZI  rule  and  mixing  of  glue  balls  with  flavor  sin- 
glet mesons  in  the  SU(2)  lattice  gauge  theory  A  be- 
hi vi or  of  OZI  violating  amplitudes  is  obtained  lor 
light  and  charm  quarks. 

The  SU(2)  x  U(l)  dectroweak  theory  is  in  better 
shape  in  view  of  expenmental  confirmation  of  W  and 
Z  bosons  at  CERN.  Yet  much  remains  to  be  unex- 
plained in  this  standard  theory:  masses  and  mixing 
parameters  of  quarks  and  leptons,  ongin  of  the  Higgs 
mechanism,  etc  Sugawera.  in  collaboration  with 
Brown,  Oeshpandc  Pakvasa  and  Yamanaka.  studied 
CP  violation,  K-M  matrix  etc.  within  the  framework 
of  a  discrete  symmetry  (S3)  of  Higgs  model 

Grand  unified  theories  gave  rise  to  an  interesting 
possibility  of  monopok -catalyzed  proton  decay  (Ru* 
bakov  effect)  Kazama  continued  to  investigate  vari- 
ous aspects  of  this  problem.  Mechanism  of  tne 
conservation  of  the  electric  and  the  color  charges,  de- 
spite the  lack  of  it  in  the  boundary  condition.  »as 
clarified  by  extensive  calculation.  Kazama  further  ex- 
amined sorof  effects  which  tend  to  suppress  the  cata- 
lysis process.  (1)  Unbalance  of  the  weak  charge  in  the 


process  was  pointed  out  and  (2)  the  radiative  decay 
rate  of  the  fermiomc  state  with  vanishing  angular  mo- 
mentum was  calculated.  Kobayashi.  together  with  Sa- 
kamoto, investigated  radiative  corrections  in  the 
strong  magnetic  field  of  monopok. 

Kaluza-KIein  (KK)  theories  are  an  interesting  at- 
tempt to  unify  gauge  interactions  with  gravity  Koba- 
yashi and  Sugamoto  studied  behavior  of  fermions  in 
the  5-dimensional  KK  monopok  field  and  showed 
that  00  Ru  bakov  effect  occurs  in  this  case.  Yoshimura 
computed  quantum  effective  action  at  finite  temper- 
atures in  KK  theories.  At  higher  dimensions  anoma- 
lous behavior  of  induced  gravity  was  found,  which 
may  have  a  pr  found  implication  to  cosmology.  Saka- 
moto applied  Nicola i  mapping  to  supersymmetric  the- 
ories. 

In  application  to  cosmology,  Saka garni  investi- 
gated a  termination  of  the  phase  transition  in  the  new 
inflationary  universe,  caused  by  dissipative  processes. 
Yoshimura.  in  collaboration  with  Takasugi  and  Fuku- 
gita. discussed  gravitational  collapse  of  a  cloud  made 
of  the  invisible  axion  which  may  provide  the  missing 
mass  of  the  universe 

Yukawa  are  interested  in  subjects  relating  to  statis- 
tical properties  of  finite  systems  An  important  issue 
of  the  problem  is  how  the  statistical  behavior  sets  in 
for  an  isolated,  finite  system.  Detailed  studies  are 
made  for  (1)  Landau  damping  m  the  quantum  Fermi 
liquid  where  the  elementary  excitation  decays  without 
collision  term  in  the  transport  equation.  (2)  level  sta- 
tistics of  the  billiard  problem  for  clarifying  relation  to 
the  classical  chaos,  and  (3)  KNO  scaling  as  the  frac- 
tal 

Sakagami,  together  with  Wadati.  studied  a  corre- 
spondence between  the  classical  soliton  and  its  quan- 
tum field  theory 

Vf  ost  of  the*:  works  have  been  published  in  about 
17  preprints  (KEK-  TH  senes),  and  have  been  and 
will  be  pnnted  in  periodical  journals 
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The  USjJAPAN  Cooperation  on  high  energy  phxstcs  nas  been  executed  under  the  Implementing  Arrangement  be- 
tween the  U.S  Department  of  Energy  and  MONBUSHO  of  Japan  on  Cooperation  in  the  Field  of  High  Energy  Phys- 
ics, which  was  signed  on  November  II.  1979.  at  SLAC  Hie  USjJAPAN  Committee  on  High  Energy  Physics, 
consisting  of  six  members  from  each  side,  has  been  held  once  a  \  ear  in  the  U  S  end  Japan  alternately  The  Fifth  Meeh 
mg  of  the  Committee  *as  held  on  May  24-25.  1983  at  Berkner  Hall.  Brookhann  National  Laboratory  J  Leiss.  Direc* 
tor  of  the  Office  of  Htgh  Energy  and  Nuclear  Phvstcs  of  the  US  Department  of  Energy,  and  T  Nishikawa.  Director 
General  of  KEK,  wete  co-chairmen.  Other  members  of  the  Committee  who  attended  the  Meeting  were  E.  Hyde.  L 
Lederman.  W.  Panofsky.  N  Samios.  J.  Sandwtiss.  K  Kusahara.  T.  Kuagaki.  T  Fuju.  G  Takeda.  and  K  Kikuchi 

In  the  opening  remark.  T.  Nishikawa  stated  that  the  collaboration  has  been  of  high  quality  and  expressed  ha  desire 
to  contatue  and  strengthen  this  successful  program,  even  beyond  the  period  described  in  the  agreement  ( 1979-1988)  He 
added  that  ihe  most  important  event  in  the  Japanese  high  energy  physics  program  for  the  present  and  next  five  years  is 
the  construction  of  TRISTAN  at  KEK  and  that  participation  of  US  scientists  m  its  physics  program  is  most  welcome 
He  also  stated  that,  from  the  Japanese  point  of  view.  USj  J A  PAN  Collaboration  on  a  next  generation  international  ac- 
celerator is  the  most  practical  and  favorable  among  several  cooperative  possibilities,  and  suggested  to  start  an  explora- 
tion of  the  possibility  of  a  cooperative  effort  leading  to  a  very  large  accelerator  facility. 

The  Committee  agreed  that  the  existence  of  TRISTAN  as  a  frontier  colliding  accelerator  would  tend  to  strengthen 
and  balance  the  US/ JAP  AN  Cooperative  Program  through  participation  of  U  S  scientists  The  Committee  also  agreed 
if  m  it  was  important  and  most  timely  to  initiate  a  cooperative  effort  m  the  RAD  end  design  for  an  eventual  very  large 
facility. 

An  informal  meeting  to  propose  a  program  of  collaboration  between  the  U  S  and  Japan  on  accelerator  RAD  for  the 
next  five  years  *as  held  on  February  23-24.  1984.  at  KEK  G  Loew.  SLAC.  and  T  Kitagakt  were  co-chairmen  of  the 
meeting.  Other  participants  were  R.  Lundy  (FNAL)  C.  Pellegrini  (BNL).  H  Hirabayashi.  T  Kamei.  Y.  Kojima  and 
J.  Tanaka  (KEK).  It  was  generally  agreed  that  the  topics  of  mutual  interest  fall  tnto  three  main  categories  (I)  Topics 
on  which  collaboration  presently  exists  and  should  be  continued,  or  for  which  an  immediate  need  is  mutually  recog* 
ntzed.  (2)  Topics  which  relate  to  new  accelerators  such  as  a  20  Te V  At  fon  collider  or  a  I  TeV  electron-positron  colli- 
der, and  (3)  Topics  having  to  do  with  new  methods  of  acceleration 

In  FY  1983.  93  Japanese  scientists  participated  in  USjJAPAN  joint  activities  at  U  S  laboratories  and  35  stayed  in 
the  U  S  more  than  six  months 
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Participation  in  tha  Electron -Positron  Collid- 
ing Experiment  (PEP-4)  at  SLAC-PEP  and 
Davalopmant  of  Naw  Dat action  and  Data 
Handling  Technology 

Spokesman 

JAPAN  T  Kamae.Umv  of  Tokyo 

UNITED  STATES    D.  R  Nygrcn.  LBL,  Umv  of 
California 

Parucipatng  Groups 

JAPAN-  Umv    of  Tokyo  and  INS 

(Umv  of  Tokyo) 

UNITED  STATES'  LBL  (Uwv   of  California). 

UCLA.  Yak.  UC  Riverside. 
Johns  Hopkins  and  others 

The  PEP-4  TPC  detector  is  unique  in  that  it  can 
identify  particles  produced  in  hauromc  jets  Charged 
particles  are  detected  by  the  time  projection  chamber 
(TPC)  The  initial  checkout  of  the  detector  wis  com- 
pleted in  the  spnng  of  1982  This  was  followed  in  the 
full  of  1982  and  the  spnng  1983  oy  the  regular  data 
taking  runs,  which  allowed  us  to  accumulate  29000 
e*e"  hadronic  annihilation  events  (corresponding  to 
an  integrated  luminosity  of  77  pb-1)  We  report  here 
about  performance  of  the  two  major  detector  compo- 
nents TPC  and  the  hexagonal  calonmeter  and  physics 
results  that  have  been  completed  in  Japanese  FY 
1983 

The  TPC  identifies  charged  particles  by  the  ioniza- 
tion loss  (dE/dx)  The  momentum  resolution  is 
(dP  P);  -  (006)1  +  tf035P):  (P  in  GeV)  in  a  4  kG 
axial  magnetic  field  We  have  achieved  the  dE/dx  re- 
sol  uuon  of  about  4  •/•,  which  is  almost  the  "Proposal" 
\alue  In  the  low  raomeuum  region,  the  pion.  kaon 
and  proton  bands  are  well  separated  Above  I  GeV/c 
the  revolution  is  comparable  to  the  differences  in 
dE/dx  for  the  vanous  particle  types  At  5  GeV/c.  the 
separation  is  3  8  s  d  (standard  deviation)  for  pion- 
kaon. and  I  9sd  for  kaon- proton  (Fig  1) 

The  HEX  consists  of  six  modules  located  outside 
the  magnet  coil  Eacn  module  is  10  r  1  deep  and  con- 
tains 40  layers  of  a  lead-fiberglass-aluminum  laminate 
alternating  with  gas  sampling  layers  with  a  Gagcr 
mode  discharge  Electromagnetic  showers  are  recon- 
structed by  radially -aligned  half-degree  wide  channels 
in  three  stereo  views  The  typical  energy  and  angular 
revolutions  are  16  *•  and  3  mrad  at  I  GeV  c,  respet- 
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lively 

We  have  measured  the  inclusive  production  cross 
sections  and  mean  multiplicities  of  x  * ,  K.  * .  p  and  p 
with  very  small  systematic  and  statistical  errors.  The 
result  shows  that  10.7±0  6  x±.  1.35 ±0.13  and 
060±008  p.  p  are  contained  in  an  annihilation  event 
Combining  this  particle  identification  capability  and 
another  unique  feature  of  the  TPC.  the  truly  3-diraen- 
sional  tracking,  we  have  measured  the  production 
cross  sections  of  K°,  A.  and  H  particles.  The  pro- 
duction cross  sections  of  0*s  and  K^s  arc  also  ob- 
tained for  the  Srst  ume  at  the  present  energy.  There 
are  0077±0  0i0  o's  and  0.5O±0  15  K*  per  event  in 
the  range  0  075 <x<0  55  We  studied  charge  weighted 
correlations  in  rapidity  space  and  observed  both  short 
and  long  range  strangeness  compensation  in  JC-K.  cor- 
relations The  IC-x  correlations  due  to  heavy  quark 
decays,  and  the  proton-meson,  proton -a nuproton  and 
A- A  correlations  are  being  studied  now  We  also 
have  observed,  for  the  first  time,  the  polanzauon  of 
the  produced  A's  Using  photons  detected  by  the 
HEX.  the  inclusive  y  and  x°  cross  sections  were  ob- 
tained Figure  2  shows  the  invanant  mass  distribution 
for  all  photon  pair  combination.  The  fractions  of  the 
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total  energy  earned  b>  photons  and  are 
0  262  +  0  025  and  0  209  ±0  021.  respectively 


~Z  MO 


7-7  lavmrunt  mass  (MtV/c*) 


The  other  major  physics  topic  we  have  been  con- 
centrating  on  ts  the  study  of  heavy  (c  and  b)  quark 
productions  Using  the  dE/dx  measurement  by  the 
TPC  and  the  electromagnetic  shower  detection  in  the 
HEX.  we  obtain  a  very  clean  sample  of  prompt  elec- 
trons We  have  rejected  hadroos  by  a  factor  of  10000 
or  more.  Using  this  sample,  we  have  determined  the 
semi -electronic  branching  fractions  of  c  and  b  quarks 
«  (9  I  ±09±1  3)V.  and  (I  I  0±  1.8 ±  I  0)%.  respec- 
tively.  The  b  quark  fragmentation  function  peaks  at 
high  z-E^  fB^m  with  <z*>  -O74±0O5±0O3 
From  the  measured  forward- back  ward  asymmetry  m 
e*e'  -  qq.  the  axial  couplings  to  the  neutral  current 
are  determined  to  be  a<  -2.3±  I  4±  I  0  for  the  c 
quark  and  ab  -~20±I9±0.5  for  the  b  quark 
These  values  are  consistent  with  expectations  of  the 
standard  electro  weak  theory    promp,  muons  lrc 
identified  by  the  muon  detector  Using  the  prompt 
muons.  we  obtain  the  semi-muoruc  branching  frac- 
tions  of  c  and   b  quarks  as   I3  2±2,0%  *nd 
7-±l  5%.  respectively  The  muon  spectra  imply  hard 
fragmentation  functions  for  both  c  and  b  quark*,  will. 
<*c>-0  55±  0  08  and  <  zb  > -0  83  ±0  06.  respec- 
lively  These  results  are  in  good  agreement  with  the 
electron  results 

The  excellent  pa  mile  identification  by  the  TPC  and 
the  HEX  has  led  us  to  the  first  observation  of  the  F* 
meson  in  the  decay  mode  of  F*  -  Fy  Of  the  four  >- 
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wave  ground  state  charmed  mesons  only  the  F*  meson 
has  not  been  established  until  now  The  F  meson  is 
identified  as  a  peak  in  the  invariant  mass  distribution 
of  K  *  K"  **  where  all  panicle  spcoes  are  tdentifcd 
by  the  TPC.  Photons  are  delected  either  by  the  HEX 
or  by  the  TPC  at  e'e"  pairs  arising  from  photon 
conversion.  Figure  3  (a)  shows  the  distribution  of  the 
KK*  invanant  mass  The  thin  solid  line  ts  for  all 
KKk  with  z>0  45  We  see  an  enhancement  around 
the  F  mass  region  Figure  3  (b)  shows  the  distribution 
of  AM-M(KK*y)-M(KKx)  The  solid  hoe  is  for 
the  F  region  (I  84<  M(KJC«)<2  08GeV)  and  the 
dashed  line  is  the  average  over  the  control  regions 
1  54<M(KK*)<178  and  2.I4<M<KK«)<2J* 
GeV)  The  measured  AM  spectrum  for  the  F  region 
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shows  a  clear  peak,  which  gives  the  F*  -  F  mat*  dif- 
ference. 1 54  ±9  MeV  We  have  aiso  obtained  for  the 
F  man.  1.95210028  GeV.  consistent  with  the  meas- 
urement by  the  CLEO  detector  at  CESR. 

Proton -Anti proton  Colliding  Experiment 
(CDF)  at  FNAL 


Spokesmen 
JAPAN 

UNITED  STATES' 

Participating  Groups 
JAPAN' 


K.  Kondo.  Univ.  of  Tsukuba 
L  M.  Lederman,  FNAL 


Umv    of  Tsukuba.  KEK. 
INS  (Univ.  of  Tokyo.  Fukui 
Univ.  and  Saga  Univ.) 
UNITED  STATES*  FNAL  and  many  others  from 

the  U  S  and  Europe. 
Most  of  the  CDF  detector  components  including 
front  end  electronics  are  in  the  production  stage.  The 
data  aquisiuon  system  has  been  designed  and  is  bang 
prototyped  With  respect  to  the  Japanese  contrib- 
ution*, the  scintillators  and  wavelength  shifters  for  the 
48  wedge  modules  are  completed,  a  quarter  of  the  end 
plug  electromagnetic  calonmctcrs  has  been  built,  and 
the  superconducting  solenoid  has  been  constructed. 
The  electromagnetic  calonmeter*  are  being  studied 
and  tested  with  cosmic  rays  and  the  pion  and  electron 
beams  of  Fermilab 

1)  Eodpleg  EUctromagaetk  Calorimeter 

The  endplug  EM  caJonmeter  consists  of  four  90" 
sectors  of  lead  and  resistive-tube  MWPC  sandwiches 
The  uniformity  in  sensitivity  better  than  ±3%  (in  o) 
per  plane.  ±0  6%  for  the  electromagnetic  energy 
measurement  as  estimated,  has  been  achieved  The 
chambers  are  sucked  with  lead  plates  at  Fermilab. 
and  the  calonmeter  system  is  being  tested  at  Fenrulab 
M -bottom  beam  line 

2)  Ceatral  Electromagnetic  Calorimeter 

The  scintillators  and  wavelength  shifters  for  the  48 
modules  have  been  produced  and  cut  in  Japan  and 
sent  to  Fermilab  The  assemble  of  the  EM  calonmeter 
modules  is  in  progress  by  collaboration  with  an  ANL 
group  Intensive  efforts  were  put  on  improvement  of 
the  homogencil)  of  the  calonmeter  by  putting  cor- 
rection reflector  at  the  back  of  wavelength  shifter.  The 


overall  homogeneity  among  equivalent  towers  are 
aimed  to  be  better  than  0.5  %  in  o.  The  cosmic  rxy 
tests  for  the  all  assembled  modules  are  bang  made  at 
Fermilab.  and  extensive  beam  tests  are  in  progress  for 
*yptcal  modules  in  the  NW  beam  line  at  Fermilab. 


3)  Vertex  Time  Projection  < 

To  reinforce  the  tracking  detection  and  determine 
the  vertex  point,  a  TPC  segmented  into  14  cells  along 
the  beam  axis  has  been  designed  The  R&D  is  under 
way  by  collaboration  between  Fermilab  and  the  Japa- 
nese group 

The  Basic  chiracrristics  were  studied  with  a  test 
chamber.  As  a  read  out  system.  Flash  ADC  CAMAC 
modules,  which  will  be  upgraded  to  FASTBUS  mod* 
ules,  were  built  and  used  f>r  the  test. 

4)  Saytitoedectiag  SottaoM 

the  construction  ~f  the  superconducting  solenoid 
by  the  Tsukuba  group  has  been  completed.  The  coil 
cc/isists  of  an  aluminum  clad  superconductive  yd  * 
supported  with  ai  aluminum  cylinder.  Cooling-down 
is  made  by  using  liquid  helium  Bow  through  the  pipe 
running  on  the  outer  surface  of  the  support  cylincW. 
Mechanical  safety  was  carefully  checked  io  the  design 
and  the  production  procedure. 

5)  Software 

The  general  scheme  oi  (he  off-line  analysis  is  being 
developed  at  Fermilab  The  Japanese  group  worked 
among  other  things  on  simulation  of  the  calorimeter 
modules  by  using  the  generation  programs  of  jets,  W 
and  Z,  heavy  flavors  and  supcrsymmetric  particles.  It 
was  demonstrated  that  by  the  fine  granurality,  a  good 
magnetic  field  configuration  and  hermetidty  of  CDF  a 
good  electron  and  y  identification  and  the  missing  en* 
ergy  measurement  can  be  achieved. 

Upton  end  Hadron  Pair  Production  near 
Kinematic  Limit  (E*06) 


Spokesmen: 
JAPAN. 

UNITED  STATES' 
Participating  Groups 
JAPAN- 

UNITED  STATES 


K  Miyakc.  Kyoto  Univ. 
C.  N.  Brown.  FNAL 

KEK.  Kyoto  Umv. 
Coloumbia  Umv.  Fermilab. 
Stony  Brook.  Umv  of  Wash- 
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ington 

EUROPE:  CERN,  Sadey 

EMS  at  FNAL  is  id  international  high  energy  pfiy- 
sics  collaboration  among  aacntistt  from  Japan,  Eu- 
rope and  the  United  Stales,  and  aims  to  study  of  pair 
and  single  particle  production  it  large  masses  and  at 
Urge  transverse  momenta  with  high  resolution  and 
sensitivity  for  rare  processes.  The  physics  subjects  rele- 
vant  to  this  experiment  are  such  as  Drell-Yan  process 
and  its  higher  order  processes.  J/w,  T,  high  PT  ha- 
drons,  vector  mesons,  Higgs  particles  production,  K- 
factors,  u-e  universality,  etc. 

The  experiment  was  tuned  up  in  soring  of  1982 
with  primary  beams  of  less  than  10"  protons  per 
pulse  reduced  due  to  background  rates.  The  data 
taken  over  the  first  two  weekends  in  June  1982  with 
Be,  Cu  and  W  targets  contains  a  few  million  tingle 
ha  drons  with  P,  £  3.5  GeV/c  and  a  few  thousand 
pairs  with  Mi  8  O.V/c  These  data  showed  expected 
rerforraacscs  of  the  detection  system,  so  that  the 
combination  of  the  ring  imaging  Cberenkov  coun;er 
and  the  calorimeter  enable  us  to  separate  e,  p.  x,  K 
and  P.  The  data  were  analyzed  and  the  results  on  the 
A-dependence  of  single  hadron  production  and  parti- 
cle ratios  such  as  p/x*,  K*/x*  and  K"/x*  at  large  p, 
region  were  obtained.  Because  our  spectrometer  has 
rather  wide  angular  acceptance  around  90*  in  the 
C  M  system,  no  angular  dependence  was  observed  for 
a 

A  gain  monitoring  system  utilizing  a  N2  laser 
source  with  quartz  fibers  was  installed  tn  spring  of 
1983  and  showed  that  tt  is  capable  to  monitor  gains 
of  photomuItiplieMubes  of  the  calorimeter  with  an 
accuracy  of  less  than  1%.  During  summer  of  1983, 
the  magnet  "SM(T  was  added  in  front  of  the  "SMI" 
magnet,  so  as  to  reduce  the  neutral  background  com- 
ing from  the  taiget,  and  a  scintillation  bodoscopc  was 
also  added  at  down  stream  of  the  calorimeter  to  pro- 
vide a  clean  trigger  for  muon  pairs. 

Since  last  fall,  TEVATRON  II  suited  to  operate, 
the  data  were  collected  with  the  primary  beams  of  400 
GeV/c  and  intensities  of  2~4  x  10"  protons  per 
pulse  in  winter  of  1984  The  targets  used  in  this  run 
were  LH2,  LD2,  Be,  Cu,  ind  W.  Numbers  of  events 
were  more  than  2  millions  for  each  targets,  so  that  a 
Urge  number  of  even':  with  Pt  £  10  GeV/c  (x(  2 
0  75)  for  single  hadron  and  m  £  15  OV  for  dimuon 
jre  expected. 


In  this  spring,  it  is  expected  to  collect  the  data  with 
800  GeV/c  insident  beam  with  varieties  of  targets. 

Study  of  Waak  Decay  lifetime*  of  Neutrino 

Induced  Particles  In  a  Tagged  Emulsion 
Spectrometer  at  FNAL  (E531)  and  Measuring 

Cherm  end  6  Decays  \ie  Hadronic  Pro- 
duction in  a  Tagged  Emulsion  Spectrometer 
(E653) 

Spokesmen 

JAPAN.  G.  FujioU,  Kobe  Univ. 

UNITED  STATES'  W,  Reay,  Ohio  Univ, 

Participating  Groups 
JAPAN-  Kobe  Univ.,  Okayama  Univ., 

Osaka  City  Univ.,  Nagoya 
Univ ,  Science  Education  In- 
stitute of  Osaka,  Akbi  Univ. 
of  Education.  Univ.  of 
Tokyo  and  Yokohama  Na- 
tional Univ. 

UNITED  STATES  AND  OTHER  COUNTRIES: 
FNAL.  Korea  Univ..  McGill 
Univ ,  Ohio  State  Univ., 
Univ,  of  Cttawa,  Univ,  of 
Toronto.,  Carnegie  Mellon 
Univ.  and  Univ.  of  Okla- 
homa. 

This  collaboration  was  formed  in  1977  to  perform 
Fermtlab  Experiment  531,  a  search  for  neutrino  in- 
duced charm  decays  using  a  hybrid  emulsion  spec- 
trometer. A  1979  E53I  exposure  is  fully  published  and 
analysis  of  the  1981  exposure  is  almost  complete.  A 
tugL-statistics  study  of  hadro-production  of  charm 
and  beauty  at  the  Tevatron  was  approved  in  1981  and 
equipment  is  being  installed  preparatory  to  a  June 
1984  test,  and  a  data-collection  run  in  the  first  half  of 
1985.  The  following  is  a  report  of  resulting  physics, 
current  status  and  short-term  plans  for  these  efforts. 

In  the  1979  run  of  ES31,  twenty-five  liters  of  emul- 
sions furnished  by  Japan  were  exposed  to  a  wide-band 
neutrino  beam.  Based  on  45  found  decays,  production 
cross-sections  and  lifetimes  were  published  for  D°« 
D*.  F~  and  a;  charmed  partirles.  By  1980,  the  abil- 
ity to  observe  visible  decay  lengths  was  seen  •>  have 
applications  beyond  lifetimes  —  bounds  were  set  on 
beauty  production  and  vu     vT  neutnno  oscillations. 
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A  1981  run  with  35  liters  or  emulsion  has  resulted  in 
100  additional  found  decays,  analysis  of  which  mil  be 
completed  in  calendar  1984  These  data  will  be  used 
to  improve  lifetimes,  further  establishing  F  and  lower 
neutnno  oscillation  limits  to  0  003  in  sin:  29  and  1  S 
cV:  m  8  nr  Further,  cross  sections  for  directly  ob- 
served charm  will  be  comparable  in  qutlity  to  the 
rngher>statistics  indirect  Dimuon  results  of  others 
Finally,  bounds  will  be  set  ruling  out  alt  known 
sources  for  same- sign  dmuons  except  D°*mutng 

Femulab  Experiment  653  is  a  nature!  extension  of 
these  efforts  A  new  hybrid-emulsion  spectrometer  will 
ne  used  to  observe  15.000  charm  and  perhaps  200 
beauty  decays  resulting  from  exposure  of  100  liters  of 
emulsion  to  800  GeV  protons  Charm  and  beauty 
lifetime  measurements  will  be  improved  and  searches 
mil  be  made  for  new  charm  and  beauty  states 
Emphasis  will  be  oUced  on  observing  rare  decay 
modes  such  as  F  -»  t  -»  X,  which  together  with  beam 
dump  experiments  is  needed  for  establishing  the 
existence  of  the  Tau  neutnno  Finally,  the  large 
fraction  of  neutrino-induced  same  sign  dimuon*  and 
the  long  B  lifetime  has  heightened  interest  in  D°  and 
B°  mixing,  both  of  which  will  be  measured  in  E6S3.  If 
any  mixing  proves  large,  a  new  window  could  open 
for  studying  CP  violation,  a  puzzle  of  twenty  years 
standing. 

Though  at  present  we  are  3-4  months  behind 
schedule,  the  experiment  n  beginning  to  Uke  shape 
All  magnets,  torotds,  and  heavy  steel  are  in  position, 
and  the  emulsion  target  mover  with  computer  controls 
has  arrived  from  Japan  The  rest  of  the  equipment  has 
been  prototyped  and  is  under  construction.  Pieces  of 
each  system  are  arriving  preparatory  to  a  June  1984 
test  in  which  the  beam  and  subset  of  the  spectrometer 
will  be  commissioned.  A  small  emulsion  exposure  also 
is  planned  m  order  to  exercise  the  world's  largest 
emulsion  pouring  and  processing  facilities,  now  being 
constructed  at  Femulab  by  Japanese  end  Urn  ted 
Sutes  personnel  This  exposure  also  wilt  test  the  close 
connection  between  emulsion  and  electronic 
spectrometers  essential  if  10'  events  are  to  be  scanned 
for  dacays. 

Finally,  because  of  the  low  percentage  yield  of 
charm  and  beauty  decays  in  hadronic  interactions,  a 
powerful  muon  detection  system  'vith  on-line  selection 
capability  is  being  installed.  About  half  of  this  muon 
system  will  be  exercised  in  the  June  test 


Fortunately,  slippages  in  accelerator  scheduling 
have  kept  pace  with  delays  in  E6S3  construction  The 
experiment  should  be  ready  for  a  40  liter  exposure 
now  commencing  January.  1985.  Two  additional 
exposures  of  40  liters  each  are  planned  for  1986  and 
1987  with  apparatus  impro\ed  to  overcome  difficulties 
which  may  arise  m  the  initial  run. 

A  Metturamant  of  the  Elastic  Scattering  of 
Neutrino*  and  Proton*  (E734) 

Spokesmen 

JAPAN:  Y.  Nagashima.  Osaka  Univ. 

UNITED  STATES:  D.  H.  While.  BNL 

Participating  Groups 
JAPAN.  KEK.  Osaka  Univ.  and  INS 

(Tokyo) 

UNITED  STATES:  BNL,  Brown  Univ..  Univ.  of 
Pennsylvania  and  State  Umv. 
of  N.Y.  at  Stony  Brook 

1)  Data  takiag 

We  finished  the  data  taking  of  approved  1500 
hours  successfully  The  high  repetition  rate  (1.2 
seconds)  and  high  intensity  (1 .3x10"  protons  on 
target  per  burst  (POT))  of  the  AGS  provided  us 
4.3x10"  POT  dunng  August-December.  1983  run. 
Su.  imary  of  the  past  data  taking  history  is  given  in 
Table  1. 


POT  txlO") 

*  of  Eterut 

Year 

Detector 

ill  § 

63 
1  32 

03 
VI 
2  77 

1/2 
Full 
Furl 

31*9*  44*12 
tS  60 

Total 

240 

36* 

140  100 

19*3 

3  7* 

•  PuMt»rtcd 
•*  Scheduled 

Additional  1500  hours  of  running  (corresponding 
to  5.7x10**  POT)  has  been  approved  and  is  sched- 
uled 1985 

2)  Detector 

The  neutnno  detector  at  BNL  built  by  the 
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collaboration  between  the  U  S.A.  and  Japan,  consists 
of  122  modules  of  main  detector  followed  by  the 
g*mm* -catcher,  which  is  tea  modules  of  liqud 
sanullator  slabs  with  ooc  radiation  length  of  lead 
between  each  module.  Following  the  gamma  catcher 
it  a  magnetic  spectrometer  which  aids  in  measuring  vu 
contamination  by  vu.  Each  module  of  the  main 
detector  has  a  calorimeter  module  of  4mx4m. 
segmented  into  16  cells  vertically.  3  inches  of  thickness 
followed  by  two  Proportional  Drift  Tubes  (X,Y). 
4mx4m  Each  PDT  plane  has  54  cells.  Total  weight 
of  the  detector  is  about  200  metnc  :ons 

3)  Aswryait 

3-1)  vue  -♦  v^e 

Clean  signals  were  extracted  from  the  neutrino  data 
taken  in  1982.  The  number  of  events  collected  over 
the  energy  region  210  <  £  <  2100  MeV  was  51  ±9 
above  a  flat  background  of  25 ±3  (mainly  from  vN  -» 
vNx*).  The  cross  section  was  normalized  relative  to 
quasi  elastic  events  and  found  to  be  t(vue  -»  vue)  - 
1.60±0  29<stal)  ±  026(sys)xEv  (GeV)xl0'<W 
Expected  number  of  events  of  the  entire  data  is  given 
in  Table  1. 
3«2)  vue  -»  vue 

The  analysis  of  the  vue  -»  vuc  reaction  is  going  on 
in  a  similar  manner  as  vue  ~»  vue  An  extra  care  is 
necessary  to  take  account  for  smaller  anu -neutrino 
flux,  larger  vu  contamination  and  larger  backgrounds 
Preliminary  results  as  of  February.  1994  on  the  data 
taken  in  I9S2  is  shown  in  Fig.  4. 

After  complete  analysis  on  both  vue  and  vue.  we 
expect  to  obtain  a  precise  value  of  «nJ  Go  (A«"nJ  Go 2 
001   -  0015)  by  taking  the  rauo  of  the  cross 
sections. 
3-3)  vup  «•  v^o 

Topology  v(  the  reaction  is  a  single  short  track 
originating  in  the  detector.  Particle  identification 
method  based  on  dE/dx  and  range  to  separate  protons 
from  pions  and  muons  has  bean  developed 
Momentum  transfer  (0:)  dependance  of  the 
crosssecuon  is  determined  relative  to  small  angle 
quasi-elastic  process  The  result  is  given  in  Fig.  5.  It 
represents  one  tenth  of  all  the  data  taken  so  far  The 
crots  section  can  be  used  to  determine  a  precise  value 
of  sin:  009  »ilb  given  axial  form  factor  mass.  MA  or 
vice  versa 
3-4)  vcn  -»  e'p 


5  10 

E02(MeV) 


Fit*.  Om»«< 

Using  vc  component  in  the  dominant  vu  beam  the 
cronsection  of  inverse  beta  decay  process  hat  been 
determined.  Then  we  compared  its  energy  spectrum 
with  the  expectation  as  derived  from  both  vu  quasi 
elasuc  data  and  calculation  We  expect  to  derive  a 
new  limit  (2  -  4  x  10" !)  on  the  mixing  angle  of  vu-*vc 
oscillation  (Fig.  6) 
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Multl-Particla  Production  Experiment  with 
LASS  Facility  at  8 LAC 

Spokesmen 

JAPAN'  R.  Kajikawa.  Nagoya  Univ. 

UNIT  D  STATES     D.  W.  G.  S.  Leigh.  SLAC 

Participating  Groups 

JAPAN:  Nagoya  Univ.,  KEJC  and 

INS  (Univ.  of  Tokyo) 

UNITED  STATES.  SLAC  tod  Godnnau  Univ. 
With  renewed  charged  tmv'ig  and  pertide  ID 
devices  in  ibe  LASS  solenoid  field,  E135  data  taking 
run  with  1 1  GcV/c  K '  "  beam  was  completed  at  the 
end  of  May.  1982.  The  number  of  events  reached  to 
ISO  nvluon.  which  were  logged  on  2700  tapes  in  total 
The  xmsitmty  of  the  experiment  is  about  5.1 
events/nb  for  K"P  process  and  1.3  eventa/nb  for  K'P 
process  respectively. 

Now  production  of  data  summary  tapes  (DSTs), 
updaung  the  code  itself,  establishing  the  final 
calibration  constants  and  the  physics  analysis  routines 
(Monte-Carlo  code,  refitting  routine  etc)  ace 
proceeding  in  parallel.  DST  production  has  been 
shared  between  Nagoya  and  SLAC.  uuhang 
dedicated  FACOM  M200  system  at  HE-Lab  at 
Nagoya  and  9  systems  of  168/E  special  processor  farm 
at  SLAC.  and  will  be  completed  within  a  year.  We 
have  already  have  330  DSTs  by  preliminary  version  of 
the  code,  which  enable  us  to  start  physics  analysis 
with  fairly  high  statistics  (400  eventa/ub). 

The  main  interests  of  this  experiment  are 
categorised  as:  1)  Strange  meson  spectroscopy.  K* 
senes.  orbital  and  radial  excitation,  Kx,  Kxx,  Kxsm 
final  states.  2)  Hypercharge  exchange  processes. 
Spectroscopy  of  at  mesons:  o,  +*,  f ,  h\  E..  ,  and 
nonstrange  mesons,  and  3)  Hyperoos.  Cascades,  O, 
Q'  etc. 

Here  we  will  briefly  report  the  progress  of  each 
processes  and  present  some  of  preliminary  results. 

1)  Strnagr  atesMS 

K  x  elastic  channel  and  K"».  K*rj  final  sutes 
have  been  studied  so  tar.  K*x  .  K*  xx.  K'a'n" 
channels  are  planned  to  be  studied  Figure  7  shows 
K"x*  effective  mass  over  all  Jackson  angle  from 
15  %  of  the  experiment.  Already  three  structures  are 
jpparrnt  In  the  previous  study  on  K  '  x "  channel 
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(EI 32)  that  established  4"  and  radial  excited  states  of 
K.  wc  had  hoks  in  the  acceptance  at  the  high  mass 
region  and  only  two  peaks  are  seen  in  the  same  plot 
la  EI35  we  have  much  improved  acceptance  in  the 
wide  and  forward  anfular  region.  Now  detailed 
a  ovular  analysts  are  oo  going  and  far  improved 
results,  especially  finding  spin  5  K*  and  other 
underlying  radial  excited  states  are  anticipated  by  full 
sample  of  this  experiment.  Besides  the  K"x~  elastic 
channel,  effort  to  dense  the  Kca.  Kn  branching  ratio 
by  directly  observing  these  final  states  of  K*.  Q.  L 
sutcs  is  being  tried 


"•«<«•»')  o»./.» 


fit-  7.  Mm  (X  "  ft  )  MUl  r 


2)  Hyperchaige  exefcaage  jcoctnei 

This  channel  is  of  special  interests  to  survey  ss 
mesons  K*K\  KV.  K°K%.  n*x  channels  are  being 
studied  now.  As  a  typical  example.  Figure  8  shows 
K°K°  effective  mass  with  A/I  and  £*  as  recoil 
baryons  This  channel  involves  two  V°  s,  and  only 
even  spin  object  appears  Here  we  can  sec  dear  f 
signal  with  only  S  %  of  the  total  data  We  hope  to 
find  4*  ss  meson  (h)  and  get  systematic  knowledge  on 
underlying  ss  sutcs  by  K "  beam  with  the  total  data 
of  the  experiment  Also  K'K~  two  body  channel 
suggests  some  structures  above  1  6  GeV,  and  seems  to 
be  quite  promising  Study  of  K°  Kft  was  just  started 

3)  Hyperoas 

1 1  Ge V  e  K  P  reaction  is  .in  abundant  source  of 
strange  bar>ons   By  high  statistics  of  El 35  many 


Fl§.  a,  X  p  X*Xf  ±  mymag 
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ambiguous  E\  H*  will  be  confirmed  and  new  states 
including  ft*  are  expected  to  be  seen  m  various  fi&*l 
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states.  Studies  are  being  done  io  V-  topology 
(cascade)  and  AK  final  states.  By  refined  vertex 
hunting  algorithm,  we  can  see  clean  S"  (1321)  from 
V"  topology  events  (Fig.9)  by  only  10  runs.  Note  that 
fl"  has  the  same  topology  with  K  "  instead  of  a".  As 
j  byproduct  of  hypercharge  exchange  reaction  study. 
AK"  and  AK*  final  states  arc  studied  From  a 
preliminary  mass  plot  several  £*s  arc  seen  in  the  AK* 
channel,  suggesting  the  poasibbty  to  study  strange 
toryons  from  various  final  states. 

We  briefly  reviewed  the  present  status  of  E135  by 
introducing  typical  examples  By  the  preliminary 
Ntudy  on  various  channels,  we  arc  quite  confident  that 
LASS  performs  as  good  as  expected.  We  expect  to 
j  rawer  many  outstanding  questions  on  hadron 
spectroscopy  by  the  data  with  high  quality  and 
extremely  high  statistics  that  we  have  never 
experienced  before. 


Bubble-  Chamber  Experiments  in  200  -  1000 
GaV  Energy  Region  at  FNAL 

Spokesmen 

JAPAN*  T.  Kitagaki.  Tohcku  Univ 

UNITED  STATES     I.  A.  Pfcss.  M.I.T. 

pjrticipaung  Groups 

JAPAN-  Tohoku.  Tohoku  Gakuin. 

Nara  Women's 
UNITED  STATES  and  OTHER  COUNTRIES: 

FNAL,  MIT.  Brown. 

Indiana.  Tcnessce.  Oak  Ridge 

NU  Tel  Aviv.  Technion. 

IHEP  Beijing 

I)  E565/570  heerce  experiment  estag  the  30  Each  BC 

hybrid  system  at  200  GeV  energy. 

90  K  pictures  were  taken  in  Spring.  1981  and  675 
K  pictures  in  the  spnng  run  of  1932.  Physics  aims  of 
trus  experiment  are  the  investigation  of  high  energy 
nuclear  interactions,  quark  jets  in  the  rauiti  particle 
production  and  otheis.  A  nuclear  fod  target  system  of 
Au.  Ag  and  Mg  was  installed  inside  the  30  inch 
bubble  chamber,  and  the  analysis  of  high  energy 
nuclear  interaction  showed  interesting  results  on 
multiplicity  distribution.  The  analysis  of  high 
multiplicity  events  in  hydrogen  is  in  progress 


2)  Eft*  sad  £745  eaeerisneets  at  TEVATRON 

E636  is  a  beam  dump-prompt  neutrino  experiment 
at  the  TEVATRON.  The  primary  physics  aims  are  the 
direct  proof  of  the  existence  of  tau-neutrino  and  the 
study  of  the  tau-neutnno  mass.  Ttt  Tohoku  one 
meter  Freon  Bubble  Chamber  was  specially  designed 
and  constructed  for  this  experiment  by  Tohoku  and 
1HI.  The  chamber  construction  was  started  in  1981. 
The  operation  teat  and  training  of  people  Tor  opera* 
tion  were  successfully  made  at  Tokyo  in  Summer. 
1983.  The  bubble  chamber,  interaction  trigger  count* 
ers  and  muon  detccters  are  all  at  FNAL.  The  ter*  of 
counters  and  assembling  of  the  bubble  chamber  and 
superctXKlnctittg  coils  on  the  chamber  arc  going  on  in 
the  new  experimental  haU.  LAB-F.  built  for  this  ex* 
perimenL  The  assembling  will  be  completed  by  this 
summer  and  the  operation  of  whole  system  wiU  fol- 
low. The  high  resolution  holography  has  bees  devel- 
oped at  Tohoku  for  finding  short  decays.  The 
achcivement  of  the  spatial  resolution  of  30  urn  for  the 
erne  meter  chamber  volume  is  one  of  the  most  impor- 
tant feature  is  this  experiment.  The  whole  holographic 
system  with  Nd-YAG  laser  will  be  assembled  by  the 
summer  io  LAB-F.  The  holographic  reconstruction 
rnaenbes  are  also  ready. 

E745  is  the  mu-ceutrino  experiment  at  the  TEVA- 
TRON using  those  detectors  developed  for  E636.  The 
E745  run  is  scheduled  after  December  1984  before 
E636  Therefore  this  will  be  an  important  engineering 
run  for  the  beam  dump  experiment.  The  physics  aims 
are  the  new  studies  of  charmed  particles  and  neutrino 
interactions  in  the  high  Q2  region.  The  e,  u 
identification  capability  of  the  system  and  the  high 
spitial  resolution  holography  win  bring  interesting  re- 
sults on  dHepton  events. 

Photoproductlon  of  Charm  Particles  in  the 
8 LAC  Hybrid  Facility 

Spokesmen 

JAPAN-  T.  Kitagaki.  Tohoku  Univ. 

UNITED  STATES:    K.  G.  Moffat,  SLAC 

Participating  Groups 

JAPAN:  Tohoku,  KEK,  Nara 

Women. 

UNITED  STATES  and  OTHER  COUNTRIES: 

SLAC.  UOBerkdey.  M.I.T.. 
Tuft.  Brown,  Duke.  Florida 
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State.  ORNL.  Tennessee.  Im- 
perial Coll .  Rutherford  Lab . 
Birmingham.  Technion.  Tel- 
Aviv  and  Weizman. 
The  BC  72/73/75  tie  20  CcV  photon  experiment 
using  the  SLAC  Hybrid  Facility.  Picture  taking  of  the 
first  part.  BC  72/73.  finished  in  March  1982  and  the 
second  part  BC  75.  also  finished  in  December  1983. 
The  numbers  of  pictures  in  BC  72/73/75  for  each  run 
are  as  follows. 


*t0  Swncxrnro 
'10  F*n  rca 
*ll  SpriAf  nut 
'St  FiBnm 
'S2  Spoof  nm 
'S3  Sprint  mm 
I)  Fafloa 


Jcac-July 

N4*cnrt>ef -Dec*  iol<f 
March-  May 
October- Dccrcr.bcr 
FctrrufyMirctt 
Vbrch>Jwnc 
October -December 


92Kpu 
444  K  pti 
636  k  pel 
•06Kpa 
•429  K  pm. 
611  K  pu. 
644  fc  pii 


Total 


3.662  K  m 


The  results  on  charm  meson  bfe  from  dau  up  to 
'82.  as  is  shown  in  Fig.10.  arc 


r(D*)  ■  6.8*JJ  (l0-,3scc)  (22decays) 
r(D')  «  7  4;«(10-,,scc)  (21  decays) 
r(D')/r(D*)  -  I.r" 


The  cross  section  of  charm  photo- production  at  20 
GeViK 

o(charm)  •  56*5*  nb- 

The  comparison  of  the  cross  section  with  other 
data  is  shown  n  Fig  11.  The  data  analysts  o'  the 
BC75  run  will  be  completed  by  the  summer  of  1984 
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High  Ffek)  Superconducting  Dipole  Magnet 
Development 

Spokesmen 

JAPAN.  H.  Hirabayashi.  KEK 

UNITED  STATES:    A.  MclntufT.  FNAL 
M.  Suenaga.  BNL 

Parucipaiing  Groups 
JAPAN:  KEK.  NRIM 

UNITED  STATES-    FNAL,  BNL 

I)  Hi*  Ft*  ei**fc  MfKC  wii.  NWI/Cn  cables 

In  this  year  a  window  frame  dipole  magnet  with 
NbTi/Cu  compacted  strands  cable  was  developed  as 
the  second  model  for  10  T  di poles.  The  monolithic  ca- 
ble is  superior  to  tie  compacted  strands  cable  from 
the  view  point  of  bearing  stress.  However  it  is  difficult 
to  obtain  a  bah  critical  current  density  because  of  the 
limitation  of  reduction  rate  by  an  extrusion  machine. 
The  monolithic  cable  is  also  difficult  to  press  the  coil 
without  damaging  of  insulators. 

The  rated  current  of  the  second  dipole  magnet  was 
designed  as  6.840  A  from  the  current  carrying  capac- 
ity of  the  compacted  strands.  Each  strand  was 
checked  at  1.8  K  and  confirmed  that  there  was  no  de- 
gradation caused  by  the  compaction.  The  cable  was 
composed  of  27  strands  of  NbTi/Cu.  Each  stand  was 
(1 95  mm  in  the  diameter.  The  cable  could  carry  the 
current  more  than  7.900  A  at  1.8  K  and  1 1  T. 

The  dipole  coil  was  composed  of  8  double  pen- 
cakes.  The  median  4  pancakes  were  bended  at  their 
ends  ;o  install  a  beam  pipe  and  the  other  4  pancakes 
at  the  top  and  bottom  were  made  in  race-tack  shapes 
as  shown  in  Fig.  12. 

The  stress  distribution  in  the  coil  and  collar  was 
calculated  with  a  finite  element  analysis  method  and 
the  prestrcss  at  room  temperature  was  carefully  meas- 
ured The  collared  coil  was  assembled  in  a  cryostat  in 
which  the  cot!  could  be  cooled  to  1.8  K. 

2)  NVjSe/Ca  Magnets  tad  wire  stabilize  doe 

Vanous  tests  on  a  single  layer  race-tack  dipole 
nufnet.  desenbed  in  the  previous  report,  were  suc- 
cessfully earned  out.  Much  data  was  obtained,  such  as 
the  minimum  quench  energy  (MQE).  the  character- 
litres  of  the  normal  zone  propagauon  and  the  maxi- 
mum temperature  nse  in  the  dipole.  All  of  them 


He.  12. 


showed  the  technical  feasibility  and  limit  of  NbjSn/Cu 
magnets  for  the  accelerators. 

An  attempt  was  made  to  fabricate  a  double  shell 
dipole  magnet  with  the  same  technique  as  in  the  race- 
track dipole  magnet.  The  bronze-processed  Nb,Su/Cu 
monolithic  cable  was  keystoned  in  its  cross  section  to 
make  shell  type  winding  easy.  A  double  shell  dipole 
magnet,  having  an  I.D.  of  132  mm  and  a  length  of 
600  mm.  was  assembled  in  stainless  steel  collar  lami- 
nations. 

Besides  the  development  on  NbjSn/Cu  dipole  mag- 
nets, bask  studies  on  NbjSn/Cu  wire  continued.  For 
instance,  the  influence  of  stabilizing  copper  on  the 
quench  characteristic*  of  NbjSn/Cu  wires  was  studied 
in  detail  Measurements  of  the  MQE  in  the  bronze- 
processed  wires  showed  that  the  optimum  cross-sec- 
uonal  area  of  stabilizing  copper  is  around  40%.  In  the 
case  of  good  cooling,  the  MQE  for  Nb,Sn/Cu  wire  at 
10  T  was  almost  the  same  as  that  for  NbTi/Cu  wire  at 
5  T.  However,  in  the  case  0f  poor  cooling  the  MQE 
for  Nb3Sn/Cu  wire  was  approximately  a  factor  of  3 
greater  than  that  for  NbTi/Cu  wire,  There  was  a  dear 
correUuon  between  the  MQE  and  the  quench  propa- 
gation  velocity  of  the  wire;  the  wire,  having  a  large 
MQE.  always  had  a  low  quench  propagation  velocity. 
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Development  of  Superconducting  Rf  Cavity 

Spokesmen 

JAPAN:  Y.  Kojima.  KEK 

Vh  TED  STATES*    G.  Locw.  SLAC 

M.  Tigner.  Cornell 

Pamapatmg  Group* 

JAPAN:  KEK 

UNITED  STATES:    SLAC,  Cornell 
A  three-cell  500  MHz  niobium  structure  (Fig.  13) 
has  been  built  and  tested.  The  shape  of  each  cell  and 
the  technique  of  fabrication  and  surface  treatment  are 
similar  to  those  of  single  spherical  cells  tested  before. 

The  structure  has  an  input  coupler  on  the  center 
cell,  two  higher  mode  couplers  on  each  end  cell  and  a 
mechanical  tuning  system.  Before  assembled  to  the 
three-cell  structure,  each  cell  was  tested  as  a  single  cell 
and  the  location  of  surface  defect  which  causes  the 
quenching*  was  detected  by  observing  a  temperature 
map  of  the  surface.  After  mechanically  removing  the 
defect  and  re-treated  the  surface,  Q0  at  lower  held  and 
Em**"  for  each  cell  were  upgraded  to  ~  3  x  10*  and 
4  8  -  5.7  MV/m  at  4.2  K. 


The  structure  was  assembled  with  all  couplers  in  a 
horizontal  cryostat  and  installed  n  the  TRISTAN  ac- 
cumulation nng  The  beam  test  is  planned  to  take 
place  m  May  1984 

High  Power  Klystron  Development 

Spokesman 
JAPAN  J  Tanaka,  KEK 

UNITED  STATES:    G.  T.  Konrad,  SLAC 
This  is  the  report  on  the  120  MW  klystron  research 
and  development  FY  1983  is  the  last  year  of  this 
three  year  RAD  program.  Although  the  first  exper- 
imental klystron  was  completed  at  the  end  of  FY 

1982,  a  vacuum  leak  was  founded  at  the  weld  joint  of 
the  klystron  body  and  the  test  could  not  be  per- 
formed. Some  attempts  to  seal  the  leak  were  unsuc- 
cessful After  several  weld  joints  were  redesigned  so  as 
to  reduce  the  stress  at  the  joints  during  tube  bake  out, 
the  first  klystron  was  rebuilt  and  completed  in  June, 

1983.  The  best  performance  obtained  on  the  first  klys- 
tron by  the  end  of  December,  1983  is  listed  up  in  Ta- 
ble 2. 


fie.  ML  A  ftflKd  m  MHt  MMt. 

The  structure  was  at  first  tested  in  a  vertical  cryos- 
tat without  all  couplers  Q0  at  lower  field  was  1 3  x 
10*  and  Em*  reached  52  MV/m  without  quenching 
Due  to  the  shortage  of  rf  power,  measurements  at  a 
higher  field  was  not  performed 


achieved 

4<MSn 

Beam  vofujc  <kV) 

475 

450 

Pervetnce  r>p) 

1  W 

200 

Peak  beam  current  (A) 

svn 

too 

Frequency  (MH*> 

2S56 

2S56 

Peak  power  output  (MW) 

122 

150 

pube  repetition  rate  ipfn) 

60 

too 

RFpube  wKi!h<*\> 

1  0 

1.0 

Efficiency  <*t) 

43 

55 

Gtin  (dB) 

45 

50 

The  output  power  was  stable  and  no  diode  oscil- 
lation was  observed  at  any  voltage.  The  pulse  shape 
was  clean  at  and  above  saturation  of  the  input  rf 
power.  Although  output  power  of  the  first  klystron 
was  over  120  MW.  it  could  not  satisfy  the  design  val- 
ues completely.  Or-tquently,  the  second  klystron  was 
planned  to  be  finished  by  the  end  of  May,  1984.  How- 
ever, because  the  development  of  50  MW  klystron  for 
SLC  program  has  priority  at  SLAC,  the  completion  of 
the  second  klystron  is  postponed  and  will  not  be  in 
test  before  the  end  of  September,  1984.  The  principal 
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mitter  to  be  improved  m  the  second  klystron  is 

1  2x*mode  double  output  cavity 

2  Standard  XK-5  window  without  matching  posts 
3.    A  polished  focus  electrode 

4    Correction  of  the  perveance 

B  •search  md  Development  Project  on  Colli- 
der Detectors. 


Spokesmen: 
JAPAN- 
UNITED  STATES 


K.  Takahashi,  KEK 
J.  Ballam.  SLAC 
P  Koehlcr.  FNAL 
H.  Gordon.  BNL 


Participating  Groups 
JAPAN*  KEK.  Hiroshima  Univ..  Na- 

goya  Univ..  Nara  Woman's 
University 

UNITED  STATES"  BNL.  FNAL,  SLAC.  Pnnce- 
ton  Univ.,  Univ  of  Roches* 
ter 

The  project  of  the  detector  research  and  develop- 
ment (R&D)  has  been  undertaken  since  1982,  at 
FNAL,  SLAC  and  KEK.  and  also  at  BNL  from  1983 
The  items  chosen  are  those  that  are  closely  related  to 
the  technology  to  high  energy  e*e~  colliders  and  are 
interesting  to  the  physicists  in  both  Japan  and  the 
US  with  an  understanding  of  important  application 
of  the  outcomes  to  the  experiments  to  be  earned  out 
at  TRISTAN  as  well  as  at  the  SLC  and  the  Tcvatron 


collider.  The  project  has  since  then  gradually  received 
more  attention  and  interest  with  a  hope  for  possible 
usage  of  new  techniques  in  the  future  expenments. 
The  items  that  have  been  earned  out  during  these  two 
years,  are  as  follows; 

1)  Electro-Magnetic  (E-M)  calorimeter  develop- 
ment (SLAC/KEK), 

2)  A  planar  spark  counter  as  a  good  TOF  counter 
and  for  a  possible  use  as  an  E-M  calorimeter 
(SLAC/KEK), 

3)  BGO  crystal  development  (SLAC/KEK). 

4)  Development  0f  a  precision  vertex  detector  by 
using  CCD-chips  and  related  technology 
(SLAC/KEK). 

5'     Development  0f  FASTBUS  technics  in  collider 
experiments  (FNAL/KEK)  and   6)  Transition 
Radiation  Detector  Development  for  electron 
identifier  (BNL /KEK). 
Following  the  various  fruitful  results  and  achieve- 
ment obtained  in  the  Japanese*  FY- 1982,  more  exten- 
sive efforts  have  been  made  during  the  J  FY- 1983. 
with  an  addition  of  the  transition  radiation  detector, 
being  earned  out  at  BNL  and  KEK.  A  new  world-re- 
cord value  of  time  resolution  in  the  TOF  use  of  the 
planar  spark  counter  (PSQ,  a  very  excellent  quality  in 
resolution  of  a  lead  glass  (SF6)  Cherenkov  counter  as 
an  E-M  calorimeter,  and  a  very  good  progress  in  de- 
veloping new  Cherenkov  glasses  and  BGO  crystals 
are.  among  other  things,  the  highlights  in  the  various 
developments  made  in  the  JFY-1983.  Some  of  these 
results  are  published  elsewhere. 
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The  Engineering  Research  and  Scientific  Support  Department  consists  of  four  groups,  i.e..  Data  Handling.  Low 
Temperature.  Radiation  and  Safely  Control  and  Mechanical  Engineering  (  Work  Shop)  Radiation  and  Safety  Control 
Group  has  a  subgroup.  Chemical  Safety  Croup.  The  proper  staff  members  of  the  Department  are  twenty-one  scientists 
Thirtv  technicians  from  the  Technical  Ssmce  Department  art  incorporated  with  them 

The  Data  Handling  Croup  is  responsible  for  the  maintenance  and  operation  of  the  central  computer  system.  HfTAC 
M'200H  x  3  and  L-340.  the  latter  is  for  business  semces  and  safety  control  As  increasing  demand  of  the  data  proc- 
essing is  expected  for  the  experiments  of  TRISTAN  which  will  start  m  1986.  the  next  central  computer  system  b  being 
discussed. 

The  Low  Temperature  Group  operates  tno  liquid  helium  supply  systems  and  their  recovery  systems.  The  llauefiers 
supplied  SSfiOO  litres  of  liquid  helium  during  FY  1983  A  new  liquefier  has  been  installed  and  the  results  of  test  run 
showed  the  liquefaction  rate  of  300  t/A. 

The  Radiation  and  Safety  Control  Croup  is  responsible  for  radiation  security  of  the  laboratory  In  addition  to  roth 
tine  Horks.  the  group  is  engaged  in  construction  of  the  radiation  protection  svstem  around  the  TRISTAN  accelerator 
complex  The  Chemical  Safety  subgroup  is  responsible  for  monitoring  and  treatment  of  waste  fluid.  A  new  treatment 
plant  of  naste  fluid  and  a  new  chemical  laboratory  have  been  completed  in  FY  1983. 

The  Work  Shop  is  undertaking  some  new  kind  of  jobs,  such  as  development  of  measuring  machine  for  surface  mir- 
rors of  the  Photon  Factory,  the  mechanical  design  of  detectors  for  the  TRISTAN  md  development  of  superconducting 
magnets 
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DATA  HANDLING 


The  present  third- term  central  computer  system  in 
KEK  installed  on  September  !.  1981,  consists  of 
loosely  coupled  three  M-200H's  The  system  has  40 
mega-byte  main  memory.  15  giga-byte  disk  file,  and 
35  gigs* byte  mass  storage  system  and  was  delivered  by 
HITACHI  Co.  Ltd 

The  system  has  been  operated  satisfactorily  using 
KEK  NET  (an  on-line  network  system  which  is  able  to 
connect  with  16  terminal  computer*)  and  KEKOPEN 
fa  center  batch  processing  system  used  in  a  cafeteria 
*tyle)  The  system  has  continuously  run  m  a  cycle  of 
two  weeks  m  accordance  with  the  operation  of  12- 
GeV  proton  synchrotron. 

Not  only  the  system  has  processed  a  lot  of  jobs  to 
jnalyze  data  generated  from  physics  ex  pen  men  t  using 
the  12  GeV  proton  synchrotron  and  the  booster  facili- 
ties but  also  H  has  done  test  run  for  control  of  TRIS- 
TAN accumulator  nng  and  computed  data  Tor  the 
research  and  development  0f  the  TRISTAN  project 

And  so  the  Scientific  Advisory  Committee  for 
Computer  has  researched  and  estimated  the  need  of 
processing  data  in  two  or  three  years  as  m  the  follow- 
mg*  (those  are  estimated  values  in  case  of  processing 
«ith  M-200H  system ) 

I)  physics  expenment  with  12-GeV  proton 


synchrotron.  8.000  -  10.000  hours 

2)  expenment  with  booster  facilities: 

-  6,000  hours 

3)  control  of  TRISTAN  accelerator 

-  3.000  hours 

4)  theoretical  calculation:  -  10.000  hours  ^ 

5)  study  and  maintenance  of  computer  system:  t 

~  500  hours  r  5 

As  the  result  of  those  research,  the  Scientific  Advi- 
sory Committee  for  Computer  has  estimated  that  the 
next  fourth-term  central  computer  system  will  have  '> 
necessarily  1.5  —  2  times  0f  data  proceaauig  power 
than  present  one.  And  also  the  Committee  has 
planned  especially  to  install  the  vector  processor  for 
theoretical  calculation  and  so  on.  -  » 

The  committee  has  dec  4-4  to  introduce  the  com-  ^ 
puter  system  consisting  of  loosely  coupled  three  com- 
puters. HIT  AC  M-280D  with  32  mega-byte  main 
memory.  HITAC  M-280H  with  16  mega-byte  main 
memory  and  HITAC  S-8I0/I0  with  128  mega-byte  * 
mam  memory. 

On  the  other  hand,  the  computer  system  for  TRIS- 
TAN project  has  been  planned  artf  researched  by  the 
Scientific  Advisory  Committee  for  Computer.  Its 
scale  will  be  as  large  as  the  fourth-term  central  com- 
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pater  system  with  *  \*r&  capacity  of  file,  for  example. 
100.000  volumes  of  6.250  Dpi  magnetic  upe 

The  total  of  processed  jobs  and  used  CPU  ttme  in 
this  fiscal  year  were  350.547  jobs  and  12.633  hours  in 
three  CPUs  and  distributed  as  follows 


Job 

CPU  time 

• 

it 

Aoctkrator  Depcnmcw 

99% 

42  % 

Homes  Drptnncrt 

29)  % 

366% 

■ 

£a».  Ka.  A  So  Suppon  Dcptn- 

M 

96% 

1.7% 

« 

Ptxxoa  Fsaocy 

02% 

Ot  % 

Sooner  IHUusuon  F*olny 

29% 

1  1  % 

• 

Physics  Experiments 

a  i  % 

56)  % 

The  numbers  of  monthly  process  jobs  and  used 
CPU  time  are  shown  in  Fig  I.  Figure  2  shows  turn 
around  ume  id  each  month. 

A  KEK.  office  computer  network  system  has  been 
installed  for  office  business  of  the  research  and  admin- 
titration  departments  and  has  run  from  this  fiscal 
year.  We  'have  used  this  local  network  system  for  the 
following  jobs: 

1)  improvement  of  control  and  logging  system  for 
access  to  many  radiation  controlled  areas  by 
identification  cards, 

2)  Ahe  administration  system  of  the  accommo- 
dations for  researchers, 

3)  process  of  business  services  in  the  department 
offices. 
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At  present.  Ibis  local  network  system  is  being  sca- 
led up  to  functions  by  its  working  group 

In  addition  to  the  operation  of  the  computer  sys- 
tem. Data  Handling  Group  is  working  Tor  the  fol- 
lowing*; 

1)  improvement  and  maintenance  or  the  system 
software*  and  the  library  programs, 

2)  collaboration  with  other  research  departments 
on  design  studies  or  data  acquisition  system  tor 
physics  experiments  and  or  control  system  for 
the  accelerator  in  the  TRISTAN  project, 

3)  research  and  development  of  programs  used  by 


the  Work  Shoo. 

4)  research  and  development  or  automatic  informa- 
tion transfer  system  by  telephone  which  will  be 
used  to  call  many  persons  automatically  for 
transfenng  information, 

5)  research  end  development  of  local  information 
network  system  in  KEK  that  is  an  easy  informa- 
tion* transfer  system  using  a  word  processor  and 
CATV, 

6)  conversicd  and  tentative  run  of  the  Newlib  and 
other  useful  programs. 


LOW  TEMPERATURE 


Helium  Uquafiar 

The  central  cryogenic  facility  supplies  liquid  nitro- 
gen and  liquid  helium  to  research  groups  in  the  labo- 
ratory. The  helium  liquefier  (Sulzer.  Model  HeL 
55-2G)  has  been  running  throughout  the  year  to  pro- 
duce liquid  helium  about  60.000  I  The  Uque6er  has 
been  operated  regularly  since  its  installation  in  1973. 
Now  it  reaches  a  time  of  careful  maintenance  and  op- 
eration for  a  stable  production  of  liquid,  while  the 
consumption  increased  considerably  in  the  last  few 
yean.  We  introduce  a  new  helium  liquefier  to  over- 
com;  these  situation*  in  this  fiscal  year.  We  will  be 
ab.:  to  supply  ft  »'jfncient  amount  of  liquid  helium 
with  these  two  liqy*S5rt*  to  many  users  m  the  labor*- 
tory. 

Users  and  their  consumptions  xre  summarized  tn 
Table  I  Here,  losses  m  handling  of  liquid  such  as 
iransfer  a&d  storage  are  not  included.  High  ewrgy 
ph>sics  groups  conurt'^ed  the  researches,  a  *tudy  on 
at  imc  hydrogen  :t  very  low  temperature  and  R&D 
stuc  es  of  the  TRISTAN  de'ecton  Group*  of  Booster 
UulizaUCL  Facility  extended  their  studies  on  the  po- 
U'Uittor*  of  epitherrail  neutron  beam,  the  ultracold 
r,v-utron.  3nd  !he  umesci  cxperimmts  A  supercon- 
ducting wiggicr  lugnet  started  the  regular  operation 


in  Photon  Factory,  which  required  a  considerable 
amount  of  liquid  helium. 


T»Wc  |.  AmtM  of  H+*  htUmm  *m4 


Vtcn 

Amount 

Hijh  Energy  PhyiKi 

6.735  / 

Booutf  F»<*'ny 

17.456/ 

Photon  f  fttcxry 

12.207/ 

Ohm 

Totn 

it.ost  / 

Recovety  rate  oi  lielium  gas  maintained  about 
90  •/•  of  the  juppued  he!?  urn.  There  has  been  no  prob- 
lem on  the  punty  of  u<  recovered  gas.  One  of  the 
'enrich  station  of  the  gas  recovery  system  was  moved 
from  ifct  assembly  hall  for  12  GeV  PS  expriments  to 
tee  a:#  assemWy  hall  for  1 R1STAN.  Though  the  gas 
preceding  rate  is  urchanitJ  the  gas  storage  capacity 
increased  from  140  Nm}  to  1.000  Nm\  which  allows 
t*e  exnetimMU  with  large  systems  in  the  hail. 

The  nev.  kelium  liquefier  (Sulzer,  TCF200)  has 
been  invUlleO  in  the  new  building  of  the  low  temper- 
ature group  A  screw  type  compressor  (MYCOM 
2*20C)  is  employed.  We  paid  the  special  cautions  tn 
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its  installation  to  avoid  the  influence*  of  compressor 
noise  and  vibration  in  Cie  environment.  A  liquid  he- 
lium storage  vessel,  whose  capacity  is  3,000  t,  is  con- 
nected to  the  liquefier  with  a  long  transfer  tube.  A 
monitor  of  the  whole  system  is  placed  in  an  operating 
room  Owing  to  a  large  capacity  of  the  compressor 
(2.800  Nm'  fh)  and  a  refined  liquefier  design,  the  sys- 
tem showed  an  excellent  performance  in  a  test  run. 
The  liquefaction  rate  reached  300  t/hk  which  is  almost 
the  ideal  value  of  this  system. 

Rof  rigora  tor/Llq  uaf  la  r 

The  helium  refrigerator/liquefier  system  (**BOC 
Turbocool  100w.  capacity  400  W  at  4.4  K  or  1 10  t/hr) 
has  been  operated  without  any  trouble  for  cooling  the 
superconducting  RF  cavity  and  the  superconducting 
magnets  The  liquid  helium  supplies  for  SC  Rjmget 
and  SC  RF  cavity  are  shown  in  Table  2 

Tabfe  2.  m»M  Ml««  «»tf 


Ukti 

Amount 

SC  Gjviry 

2.500  r 

Olhm 

J.vror 

T«tl 

21 070  r 

On  January.  1984.  this  helium  refrigerate  r/iiquefier 
system  has  moved  in  AR  east  buildict  for  cooling  the 
superconducting  RF  accelerator  cavit>  which  was  in* 
stalled  :2  AR  to  accelerate  the  electron  beam. 
Figure  4  shows  the  flow  diagram  of  the  superconduct- 
ing RF  cavity  cooling  system 


mm- 


Rataarch  on  gravitational  w«va  drtactlon 

(KEK.  the  Unitcrsiry  of  7V4rw.  7okvo  Obirrraton 
Collaboration! 

A  research  on  the  gravitational  wave  detection 
from  a  pulse r  juried  after  a  few  preliminary  arrange- 
ments in  the  last  years.  Investigations  on  material,  fa- 
brication technique  and  performance  of  antennas  were 
earned  out  on  models.  A  310  mm*  torsional  type  an- 
tenna was  machined  frou  an  extruded  5056  aluminum 
alloy,  and  confirmed  an  excellent  dynamical  character 
at  liquid  helium  temperature. 

A  new  500  ram*  antenna  has  been  also  machined 
from  an  ingot  of  the  same  alloy  in  Work  Shop 
(Fig.  5).  Its  quality  factor  a  a  little  lower  than  the  for- 
mtr  one.  but  the  dynamical  character  is  satisfy  .lory. 
Each  part  of  a  vibration  isolation  system  has  been 
prepared  An  optical  observation  of  the  Crab  pulser 
was  earned  <"H  by  the  telescope  it  Okayama  Observa- 
tory to  meaauru  an  accurate  puller  period  at  present 
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RADIATION  AND  SAFETY  CONTROL 


The  Division  of  Radiation  and  Safety  Control  U 
composed  of  two  grasps,  one  for  radiation  safety  and 
the  other  for  ckakil  safety.  At  the  end  of  Mtrcfa 
1984,  the  division  coconut  of  S  scientists.  4  technicians 
and  1.5  tecrctariea.  Six  scientists  and  3  technicians  are 
engaged  in  radmtion  safety  works  and  one  and  one  in 
chemical  safety. 

A  building  mainly  for  chemistry  safety  controls  was 
built  and  set  in  ate  catty  autumn  1983. 

Main  incidents  of  the  year  to  the  drvisioo  are  sum- 
manzed  in  Tsbk  3. 

Radiation  Safety  Group 

The -troop  is  enfsjed  in  r  4Utkm  security  >f  the 
laboratory.  Ramation  safety  supervisor  is  responsible 
for  all  radiation  facilities  in  KEK.  which  include  Par- 
ude  Radiation  McdacsJ  Science  Center  (PA RMS)  of 
the  University  of  Tsuknba.  Radiation  safety  supervi* 
sor  and  members  of  the  main  (KEK)  radiation  control 
"  office  are  composed  of  members  of  the  group  (Hf.  6). 


Talk  3.  *****  «T  mam  e-r»te  «  tW  IMvMaa  •*  a>i<Hllin  and  *afei>  Caatraai  In  V\  {SO 


Aprv' 

1 

Renewal  of  dtfeacratrvc  corxnkiee  Tor  radiation  tafay  due  io  expiration  of  tenure  Aho.  partial  renewal  of  tenuity 
of  Horn  for  radiation  trotting  Taobtm  SImvicm  Tatahara  )0>no3  ihe  Radiation  Of  our  **  »  member  (Tcchaictan) 

VUy 

1 

Regular  training  of  radmtion  worker* 

Jink 

J 

Applying  to  Science  and  Technology  Agency  <$Ta>  for  wing  Injection  Ring  of  TRISTAN,  etc  it  radiation  faciMm 

July  3 

-* 

Tiling  in*  legal  regular  ewwattoa  of  whole  radiation  treating  facilmci  m  K£X  by  Radiation  Safety  Technology 
Center  IRSTO 

July 

20 

Apprytog  to  ST  A  for  partial  changes  in  aetimg  up  of  radtat-xt  voni  rotted  treat  of  BSr  and  relaied  accru  cowroh 

July 

2S 

Arpfecatioa  of  June  3  wat  approved. 

Aueuii 

Raiding  for  chembtry  tafety  com  rob  was  completed 

Srjxcmba 

1 

Apphcai km  of  Jury  20  was  approved.  Related  comiruction  *orl\  uartrd 

October 

1 

Regional  unification  of  radiattoa  controlled  arm  »a\  revived  by  chance  of  tiling  m  the  TRISTAN  facility 

October 

IS 

Completion  eiammatioa  of  TRISTAN  injection  nog 

October 

19 

Stan  io  me  TRISTAN  injection  ring 

October 

20 

Applying  to  STA  for  vting  10  kg  of  metal  thouum  in  Counter  btpcrtmettal  Hal) 

»»ovember  2S 

Appbcatioo  of  October  20  wat  approved. 

JtAuary 

31 

Oriberativc  Commuiee  for  Radiation  Safety.  u*uw*l  »»\  found  amonf  e\po\ure  record*  of  radation  worlm  of 
FARMS 

February 

24 

D»moa'*  vrmmar  by  Or  N  lihtwatart  (JALRII  cv»  (  ountrrmcasurr*  of  Rnduiion  Sjfety  for  Utinf  Uranium  •* 
Target 
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Routine  worts  indude  monitoring  of  radiation  lev- 
els in  «od  around  radiation  banties,  radioactivity  in 
rekaainj  air  and  water  from  the  facilities,  personnel 
«posure-;  access  controls  to  the  radiation  controlled 
areas;  managements  of  radioactive  materials  (radioiso- 
topes, checking  sources,  nuclear  fuel  materials  and  ra- 
dioactive waste);  operation  and  maintenance  of 
monitoring  systems;  Ri  laboratories,  plants  for  treat* 
rag  radioactive  waste  water,  equipments  for  access 
controls;  calibration  of  detectors  and  training  of  radi- 
ation workers.  In  addition  to  these.  RAD  works 
iuch  as  radiation  shieMfng  caicuUtiona,  designing 
works  of  new  projects,  studies  on  countermeasures  for 
decreasing  personal  exposure,  induced  activities,  radi- 
ation damages  and  so  on.  have  been  done  mostly  as- 
se  »vdy  but  occasionally  in  response  to  requests. 
Details  of  the  administration  works  made  in  this  year 
will  be  published  separately  as  a  X£K  internal  report. 

fiisajau  Ret  , 

Number  of  the  radiation  workers  and  sani-radia- 
tion  workers  at  the  end  of  the  year  were  1,9$© 
(iS.7  %  up)  and  264  (3.9  %  up).  Number  of  film 
badges  issued  was  7.776.  The  numbers  of  records 
whose  values  were  over  40  mrem  (0.4  mSv)  and  100 
mrem  (1.0  mSv)  were  231  and  88.  respectively.  The 
maximum  of  the  monthly  was  500  mrem  (5.00  mSv) 
and  the  one  of  the  annual  was  1.55  rem  (15.5  mSv). 
Table  4  and  5  are  summaries  of  statistics  of  'be  expo- 
sure control  works  to  individuals.  Accumulated  dose 
for  workers  from  outside  firms  is  5.95  man*rcm  for  t 
and  12.62  man*rcm  for  neutron,  respectively. 

TftMrS.  Timmkm  frf  raStotlia  wfAm  <  lH3  FY) 


Woftm  Wortm 


Starr  in  as  m 

C'adnaw  Student  I)  -  I) 

Vmiini  CoOaborator  is  -  is 

VnilMIg  EvPCTHMMtf 

PS.  TRISTAN  JJS  -  23S 

BSf  ITS  -  ITS 

PF  U4  -  t>4 

B«wm«BM  Concerned  624  |ja  771 
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Chamlcal  Safaty  Group 

Chemical  ufety  control  system  has  been  established 
in  this  year  by  construction  of  new  buildings  of  chenv 
istry  laboratory  and  chemical  sto.igc  and  by  installa- 
tion of  new  treatment  plant  for  waste  liquids. 
Chemistry  laboratory  contains  test  rooms  for  analyz* 
ing  waste  effluents,  a  clean  room  for  ultra  trace  analy- 
sis, chemical  experimental  rooms  for  users  and  a  dark 
room  for  developing  films. 

Waste  liquid  treatment  plant  was  completed  to 
cope  with  the  great  increase  *n  amount  and  variety  of 
waste  liquids,  on  the  decision  of  Deliberative  Commit* 
tec  on  Waste  Treatment  Safety.  The  treatment  system 
consists  of  five  main  processes  and  its  how  is  shown  in 
a  simplified  schematic  in  Fig,  7.  Organic  waste  liquids 
are  atomized  with  a  rotary  burner  and  burned  up  In 
the  furnace.  Heavy  metals  are  removed  from  wastes 
by  femte  precipitation  and  chelating  resin  adsorption. 
Fluoride  is  removed  by  calcium  fluoride  precipitation 
and  activated  alumina  adsorption.  Cyanide  is  decom- 
posed by  the  alkaline  chlorine  method.  In  addition  to 
these  ones,  hydrolysis  process  is  also  included  for  a 
large  amount  of  washing  effluent 

The  routine  works  'have  been  carried  out  without 
the  serious  wybte  with  an  aid  of  seven  tfrhmrians 
from  an  outside  firm.  Monitoring  of  waste  effluent 
quauty  was  done  by  chemical  analysts  of  170  samples 
collected  periodically  at  the  various  facilities.  The 
amounts  of  the  treated  wastes  are  summarized  in  Ta- 
ble 6 

TftMf  4.  T*4al  *f  ittttt*  «M(f  K*«U» 
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WORK  SHOP 


The  Work  Shop  is  responsible  for  designing  and 
manufacturing  of  various  specific  instruments  which 
are  requested  from  each  department  and  user's 
groups  The  Work  Shop  includes  the  following  build* 
mgs. 


BuiUiftf 
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21  f.  m* 

iv*2 

An  engineer  and  fifteen  technicians  are  currently 
engaged  m  the  Work  Shop  The  engineer  u  in  charge 
of  operating  the  Work  Shop  and  conducting  research 
and  development  The  technicians  are  organized  into 
the  groups  of  development,  design,  machining  and 
welding 

Major  subjects  of  technical  development  io  1983 
are 

1  Superconducting  Magnets  A  full  size  5-Tcsla  di- 
pole  magnet  (SD-TA-3100)  and  a  model  quadra- 
pole  magnet  have  been  built.  Liquid  helium 
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transfer  line  has  been  built  and  ihcmej  a  good 
perform  aoc. 

Prccbc  spbenca)  surface  measuring  machine. 
This  machine  u  to  be  used  for  the  measurement 
of  the  curvature  of  concaved  mirror  for  the  Pho- 
ton Factory. 

Development  of  welding  technique  Electron 
beam  weJdscg  technique  of  two  different  mrtaU 
has  been  developed. 


4     Detector  development  for  the  TRISTAN  exper- 
iments. The  Work  Shop  is  collaborating  for  de- 
sign and  development  of  the  detectors  for 
VENUS  and  TOPAZ  groups. 
In  Table  7  areMsnmmarired  jobs  ordered  to  the 
Work  Shop  in  FY  1983.  Number  of  items  for  the  jobs 
was  550.  In  Tabic  t  and  9  are  given  the  lists  for  ma- 
chines equipped  in  the  Work  Shop.  Some  of  the  in- 
struments developed  in  FY  1983  are  shown  in  the 
pictures  (Fig.  8  and  Fig.  9). 
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The  Booster  Synchrotron  Utilization  Facility  has  been  operating  successfully  since  corr  missioning  in  1980.  The 
scientific  research  program  Is  well  under  way  in  the  KENS  spallation  neutron  source  facility,  as  well  as  in  the  pulsed 
muon  facility  BOOM  The  number  of  the  experimental  proposals  is  steadily  increasing  in  these  facilities.  Due  to  in- 
creasing demands  on  machine  time,  several  common  use  instruments  hare  been  installed,  and  some  of  them  are  now  m 
operation:  High  resolution  powder  diffractometer  HRP.  Medium  resolution  powder  diffractometer  MRP,  High  resol- 
ution quasi-elastic  spectrometer  LAM -80  in  KENS,  end  a  37  kC  superconducting  Helmholz  coil  with  a  large  room- 
temperature  access  space  m  the  pulsed  muon  channel  of  BOOM. 

The  recent  research  activities  in  the  meson  science  laboratory  nere  summarized  at  the  conference  on  Muon  Spin  Ro- 
tation and  Associated  Problems  held  at  Shimoda.  from  April  18  to  22,  gathering.  1 17  participants  from  12  countries. 
The  spotlight  of  attention  was  focused  upon  the  uniqueness  of  this  world's  first  pubtd  muon  facility.  Among  the  many 
results  from  neutron  scattering  experiments,  the  first  neutron  scattering  experiments  at  very  high  Q  from  superfluid  He 
II.  using  an  eV  spectrometer  RAT,  caused  quite  a  stir  due  to  its  evaluation  of  the  fraction  of  the  Bose-condensation, 
*hich  had  seemed  to  be  almost  established,  both  theoretically  and  experimentally. 

One  of  the  highlight  activities  m  BSF  for  this  fiscal  year  is  the  commencement  of  clinical  trials  for  cancer  treatment 
using  proton  beams  in  the  Particle  Radiation  Medial  Science  Center  ft  is  an  exciting  fact  that  out  of  24  patients 
tree'ed  for  a  year.  22  cases  of  various  kinds  of  cancer  showed  no  clinical  evidence  of  recurrence  or  residual  disease  af- 
tei  completion  of  the  proton  beam  irradiation 

Design  studies  for  the  intense  pulsed  neutron  and  meson  source  GEMINI  are  in  progress.  On  the  other  hand,  the  ad- 
visor committee  for  the  BSF  future  program  has  discussed  the  financial  scale  of  the  new  project,  the  construction  sche- 
dule, etc  The  conclusions  of  the  discussion  were  reported  to  the  committee  for  the  Booster  Synchrotron  Utilization 
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BEAM  LINE 


Operation 

The  summary  of  BSF  operation  m  FY  1983  and 
the  average  beam  intensity  and  transrmtston  data  in 
each  operation  period  are  shown  in  Tables  1  and  2  re- 
spectively The  beam  time  used  for  BSF  operation 
amounts  to  2789.1  hours,  which  corresponds  to  76  0 
%  of  the  PS  operation  time,  3666.7  hours.  This  per- 
centage is  12  %  lower  compared  with  that  of  FY 
1982.  because  the  PS  operation  m  September  and  Oc- 
tober was  devoted  to  the  accelerator  study  of  H"  in- 
jection and  polarized  beam  accekratkra.  From 
January  10  to  13,  the  booster  synchrotron  was  oper- 
ated for  the  Particle  Radiation  Medical  Science  Cen- 
ter. Tbe  beam  trae  for  medical  use  has  increased  by  a 


factor  of  2.4  compared  with  that  of  FY  I?82.  To  uti- 
lize the  booster  beam  more  efficiently,  the  interlock 
system  was  reinforced  so  that  neutron  or  meson  ex- 
periments can  be  done  during  the  time  used  for  pre- 
paring patients  in  the  medical  treatment  room. 
Retarding  Table  2.  beam  intensity  was  measured  oa 
the  500  MeV  beam  line  nearest  to  the  targets  or  the 
energy  degradcr.  Transmiiaon  is  defined  as  the  ratio 
of  the  beam  intensity  measured  this  way  to  the 
booster  intensity  displayed  on  the  CATV.  The  beam 
intensity  integration  system  was  replaced  by  a  new 
version  which  consists  of  CAM  AC  ADC  and  timing 
modules  and  a  micro-computer.  This  new  system  was 
to  to  operation  beginning  with  the  first  operation  cyck 
in  November  and  shows  good  stability. 
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The  BSF  beam  line  control  room  hi*  been  ex- 
tended to  help  relieve  the  severe  shortage  of  space 
where  the  control  equipment  is  accomodated.  Simul- 
taneously. a  new  access  route  to  the  beam  dump  room 
was  opened  By  using  this  route,  it  is  possible  to  reach 
the  dump  room  directly  from  the  BSF  control  room, 
without  disturbing  the  PS  operation  This  will  make 
maintenance  of  the  power  supply  easy,  which  is  placed 
beside  the  dump  room. 

Instrumentation 

Small  deviations  of  the  primary  proton  beam  in  the 
horizontal  direction  gives  nse  to  an  enormous  de- 
crease in  the  iurface  muon  production  rate  and  in  the 
secondary  proton  beam  intensity  after  passing  through 
the  Nmall  apenure  energy  degrader  An  auto-beam- 


steenng  system  was  installed  in  the  mid-point  of  the 
beam  line  to  eliminate  such  deviations.  A  pair  of  hori- 
zontal steenng  magnets  is  controlled  automatically  by 
a  micro -computer  to  restore  the  beam  positions  at  the 
corresponding  beam  profile  monitors  when  the  beam 
center  is  shifted  from  the  onginally ■optimized  posi- 
tion Fig  I  showi  the  results  for  a  test  of  this  auio- 
steenng  system.  Beam  deviation  u»«tream  was 
simulated  by  adjusting  the  bending  angle  in  the  PHB1 
magnet,  which  switches  the  beam  pulse  from  the  main 
nng  injection  line  to  the  BSF  beam  tine.  PR-5  and 
PR*7  are  the  profile  monitors  which  correspond  to  the 
pair  of  steenng  magnets.  PR-12  and  PR-13  are  those 
nearest  to  the  meson  production  target.  The  recovery 
times  for  the  beam  positions  and  the  surface  muon 
production  rate  are  less  than  ten  minutes,  as  is  seen 
from  the  figure 
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Prctmplificn  which  ait  placed  dote  to  the  profile 
monitor  heads  are  easily  damaged  by  the  radiation 
along  the  beam  line  and  their  maintenance  is  really  tc* 
dious.work.  Each  mean  of  30  um  tungsten  wires  on 
the  monitor  head  was  replaced  by  a  pair  of  50  um 
tungsten  wires  to  increase  the  S/N  ratio  and  to  thus 
enable  placement  of  the  preamplifier  far  away  from  a 
beam  line.  Fig  2  shows  a  comparison  of  output  sig- 


nals from  a  mesh  composed  ol  single  wires  and  that 
composed  of  pairs  of  tungs.;n  wires.  In  the  Utter 
case,  the  preamplifier  it  placed  in  a  cable  pit  60  m 
away  from  the  momtor  head.  The  beam  profile  can  be 
clearly  teen,  even  though  the  beam  shape  is  a  broad 
peak.  Study  to  replace  the  tungsten  wires  by  wider 
and  thinner  strip*  is  now  in  progress. 


NEUTRON  SCATTERING 
EXPERIMENTAL  FACILITY  (KENS) 


Outline 

The  pulsed  spallation  neutron  source  KENS  at 
K.EK  has  been  succcsafi  L'y  operated  for  three  and  a 
half  years,  and  is  now  shut-down  for  TRISTAN  tun- 
nd  construction  The  average  beam  current  of  500 
McV  protons  has  been  only  1.5  uA  at  the  neutron- 
generaung  target  and  the  beam  lime  has  been  very 
limited,  but  many  pioneering  studies  have  been  suc- 
cessfully completed  in  the  field  of  condensed  matter 
research  with  neutron  scattering  Figure  3  shows  the 
recent  status  of  the  instrumental  installation  in  the  ex- 


perimental area  at  KENS  Twelve  instruments  were  in 
operation  and  open  for  o-.tside  university  user?,  and 
three  are  under  construction  or  development  The  to- 
ut number  of  beam  tubes  is  thirteen,  including  throe 
cold  neutron  guiders,  therefore,  some  tubes  are  used 
by  two  instruments:  for  example.  HRP  utilizes  the 
beam  through  LAM -40  (see  C4  beam  line  in  Fig.3). 

First  generation  spectrometers  HIT.  LAM -40. 
MAX.  SAN  and  TOP  have  been  utilized  extensively 
for  many  scienufic  programs.  The  results  are  rimma* 
nzed  in  the  acuvity  report  (KENS  Rcport-V)  x 
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KENS  NEUTRON  SCATTERING  FACILITY 
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Figure's  4  «od  5  show  the  distribution  of  the  beam 
time  in  FY  1983  in  vinous  fields  ftod  for  each  spec* 
irometer. 

The  KENS4'  project,  which  aims  to  realize  10  times 
higher  neutron  intensity  by  improving  the  existing  ac- 
celerator and  the  neutron  generating  target,  is  now  in 
progress. 
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Status  of  Ntw  Spectromstsrs 

A  pulsed  spallation  neutron  source  with  an 
eV«spectrometer  can  enlarge  the  experimenuUy-jcces- 
hWc  range  of  momentum  transfer.  Q,  by  a  factor  of 
more  than  10.  and  it  became  possible  to  determine  the 
momentum  distribution  of  scattering  particles  by  me- 
ans of  neutron  scattenng  at  very  high  Q  (<  100  A " 1 ). 
Ore  of  the  most  exciting  experiments  of  Uus  kind  is 
the  determination  of  the  fraction  of  atoms  in  the 
4uantummechanical  ground  state  (Bo*c-cooden*ate). 
and  a  first  neutron  scattering  experiment  at  very  high 
Q  (~-  i  *  ')  from  suoerfluid  He-II  has  been  per. 
formed  v  „  the  cV  spectrometer  RAT  at  KENS, 
which  is  based  on  the  resonance  detector.  Toe  results 
are  shown  in  Fig.  6.  A  distinct  difference  can  be  seen 
between  the  two  spectra  for  He-I  and  He*U.  From  the 
difference,  a  Bote  condensate  fraction  of  about  35  % 
was  determined*  which  is  about  three  times  larger 
than  the  reported  values  determined  from  measure* 
menu  at  modest  Q<<  ISA"1)- 
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Construction  of  the  high  resolution  quasielasuc 
spectrometer.  LAM-80,  was  completed  in  October 
1983.  Energy  resolution  of  thus  instrument  is  about  10 
ueV,  with  resonably  high  counting  rates.  This  is  a  hi- 
ghest resolution  achieved  by  a  pulsed  neutron  source. 
The  instrument  is  of  an  inverted-geometry  type,  which 
is  installed  at  the  end  of  the  extended  C2  guide  tube, 
about  30  meters  from  the  20  K  grooved  solid  methane 
moderator.  Scattered  neutrons  at  a  fixed  energy  are 
detected  by  a  quasi-spherical  ly  airved  analyzer  mirror 
consisting  of  72  pieces  of  pyrohoc  graphite  (LAM 
type?  at  quasi-back  reflection  angle  (9A  -  80*).  The 
instrument  has  four  movable  analyzcr-dclector  arms 
which  can  cover  the  range  of  momentum  transfer  0  15 


f:  ' 
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i 

s*M»;t 

Tit  1.  Hi**  iimMn  4«MM«Mtr  ifMRWttr  (LAM-aC). 


-  1.7  A"'.  Figure  7  shows  a  photograph  of  LAM-SO 
with  its  schematic  diagram. 

A  tieV  spectrometer  prototype  is  under  develop- 
ment* intended  to  realize  an  incrgy  resolution  better 
than  I  ueV  b>  a  modified  spin-echo  method  using 
pulsed  cold  neutrons. 

Two  powder  dilTraaomeiers,  HRP  and  MRP,  have 
been  constructed.  HF.P  is  a  high  resolution  instrument 
and  Ad/d  -  0.2  %  has  been  attained  by  utilizing  nar- 
row pulses  of  thermal  and  epithermal  neutrons  from 
the  20  K  solid  methane  moderator  incorporated  with 
a  20  m  long  flight  path  and  backward  counters  at 
about  29  -  170*.  Figure  8  .Ilustraies  part  of  a  meas- 
ured time-of- flight  diffraction  pattern  from  an  Al:  Oj 
sample  at  room  temperature,  with  a  preliminary  Rict. 
veld  refinement,  MRP  is  a  conventional  instrument 
with  medium  resolution  installed  at  beam  hole  H4 
which  views  the  room  temperature  moderator. 

Considerable  progress  has  been  achieved  in  a  polar- 
ized epithermal  neutron  spectrometer.  PEN.  The  po- 
larizer is  a  dynamically  polarized  proton  filter 
(elhylene  glycol  containing  few  percent  of  Cr*  com- 
plex) Proton  polarization  of  about  85  %  was 
achieved  with  a  bead  type  filter  which  was  directly 
cooled  by  liquid  'He  down  to  0.5  K.  As  a  neutron  po- 
larizer, a  slit-type  filter  was  tested,  but  the  proton  po- 
larization was  only  65  %.  A  large  sue  filter  of  becd 
type,  bathed  m  liquid  'He  which  is  cooled  to  0.5  K  by 
liquid  'He.  has  been  constructed  for  a  neutron  polar* 
izer.  The  new  filter  turned  out  to  realize  higher  pro- 
ton polarization,  ie..  higher  neutron  transmission. 
Figure  9  shows  a  photograph  of  the  PEN. 

The  construction  of  an  ultra-cold  neutron  (UCN) 
generator  prototype  (Fig.  10)  was  completed.  A  su- 
perthermal  UCN  converter  (Mark-280)  was  cooled 
down  to  0  55  K  in  February  1984  (KEK  Report  84-2) 
The  device  was  designed  to  provide  data  for  the  plan- 
ning of  a  larger  converter  (Mark-3000) 
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MESON  SCIENCE  LABORATORY 


Introduction 

The  highlight  of  early  FY  1983  wu  the  orgaaua. 
lion  of  the  Yamsda  Conference  on  Muon  Spin  Rota- 
tion and  Associated  Problems  (uSR  83  for  short), 
which  was  held  at  Shimoda  from  Ajml  18  to  22  The 
conference  was  sponsored  by  the  Yamada  Science 
Foundation  The  city  of  Shimoda  is  the  historic  site 
where  the  first  American  consulate  was  established 
more  than  a  century  ago,  forming  a  "bridge M  between 
Japan  and  the  West.  Thy  uSR  conference,  like  its  pre- 
decessores  uSRl  (Rorschach,  1978)  and  uSR2  (Van- 
couver, 1980),  was  intended  to  establish  a  similar 
"bridge*"  between  the  dissimilar  scientific  cultures  of 
pamck/nuckar  physics  and  materials  sciences,  like 
chemistry  and  condensed  matter  physics. 


In  this  uSR  83  conference,  there  were  43  Japanese 
participants  and  74  foreign  participants  from  12  other 
countries  (see  Fig.  II)  In  total.  134  papers  were  pre- 
sented dunng  the  conference.  The  main  subjects  were 
(a)  local  magnetic  fields  and  fluctuations  at  the  intent- 
lUal  u*  in  magnetic  materials,  (b)  quantum  diffusion 
and  impunty-mediated  trapping  of  u*  in  metals,  (c) 
muowum  formation  and  behavior  in  semicoudurtors 
and  insulators,  (d)  chemistry  of  muonium  in  gas  and 
liquid  phases,  (e)  hyperfine  structure  of  muonk  atoms, 
and  (0  electro  wet  k  interactions,  etc.  The  conference 
proceedings  have  already  been  published  by  J.C.  Bait- 
zer  AG .  Basel. 

As  for  the  activities  at  the  BOOM  (Booster  Meson) 
facility  at  BSF  of  KEJC  we  have  enjoyed  1 .300  h  of 
BSF  beam  ume  dunng  FY  1983.  New  progress  has 


F%  tl  Ym 


106 


ERLC 


451 


447 


been  marked  m  the  vinous  condensed  matter  studies 
uith  positive  and  negative  muons 

Facility  Development 

The  major  installation  which  has  been  earned  out 
tn  this  penod  is  a  construction  of  a  large  37  KG  Su- 
perconducting Helmholz  Coil  (SHC)  at  the  u2  port  of 
the  superconducting  muon  channel.  The  final  form  of 
the  SHC  is  shown  in  Fig.  12.  It  has  a  Urge  room- 
temperature  access  space  to  the  central  field.  24.5  cm 
longitudinal  bore  >H  the  way  along  the  field  axis  plus 
<i  transversal  gap  of  10  at  -<dth  and  90  cm  height  In 
order  to  support  the  tw'  agajnst  a  huge  attrac- 
tive force,  a  speaal  yo)  obin  structure  was  de- 
igned The  construction  «JS  started  in  October  1983 
The  replacement  of  3LC  (Superconducting  Longitudi- 
nal Coil  set-up)  with  SHC  was  undertaken  in  Decem- 
ber 1983.  The  testing  of  the  SHC  followed  and  a 
nominal  field  of  37  kG  was  achieved  in  January  1984 

There  are  iwo  important  features  m  the  functions 
oi  SHC.  a)  decay  c  *from  u  *  stopped  inside  the  tar- 
get, located  at  the  center  of  SHC,  is  completely 
confined  inside  the  open  bore  of  SHC,  where  *n  addi- 
tional access  space  is  available  in  the  transverse  gap 
for  the  X-ray  or  neutron  detector*;  b)  an  r  f  cavity 
with  beam  window  can  be  insulted  in  the  transverse 
gap.  providing  a  capability  of  500  MHz  u  *spin  reso- 
nance under  <t  37  kG  longitudinal  field 

Several  new  and  important  expenments  will  be 
nude  possible  by  using  this  SHC  set-up  Concerning 
the  above-mentioned  feature  a),  the  muomc  X-ray 
from  pulsed  u    stopped  in  carbon  was  successfully 
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observed  with  a  St(U)  detector  in  a  geometry  of  the 
decay  e"  confinement  The  rare  photon  or  neutron 
events  from  muonic  atoms  will  be  measured.  As  for 
the  feature  b).  16  channel  ue  decay  telescopes  were  in- 
stalled in  both  forward  and  backward  directions  to 
detect  decay  e  ±w  the  digital  method  The  500  MHz 
resonance  cavity  as  well  as  10  kW  pulsed  rf  sources 
are  in  preparation  for  u*  chemical  shift  measure- 
ments. 

Several  other  technical  developments  have  been 
performed  for  other  parts  of  the  BOOM  experiment, 
a)  Muon  spin  resonance  ex  pen  menu  were  applied  to 
the  target  at  various  temperatures  from  4  K  to  400  K 
with  the  help  of  a  specially  designed  cryotta:  and 
oven;  b)  on-line  data  taking  methods  have  been  used 
for  the  spin  resonance  and  decoupling  measurements; 
c)  New  counter  systems  for  ue  and  uSR  measurements 
were  developed  by  using  a  complex  of  MWPCs. 

The  present  layout  of  the  experimental  hall  is 
shown  in  Fig  13.  Dunng  the  long  shut-down  of  the 
whole  BSF  facility,  expected  in  the  coming  FY  1984, 
the  following  major  modifications  will  be  earned  out. 
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4)  iniullauon  of  a  new  surface  p  *  channel  at  a  take* 
oiYangic  which  is  further  backward  from  the  existing 
pion  channel,  b)  in  order  to  obtain  slow  u".  the  whole 
beam  hoe  of  the  superconducting  muon  channel  will 
be  connected  in  common  vacuum  from  the  production 
target  to  the  experimental  target,  except  for  two  thin 
foils  at  the  superconducting  solenoid,  c)  with  expecta- 
tion* for  10  uA  operation  after  Fall  1985.  the  heavy 
concrete  radiation  shields  near  to  the  primary  hne  will 
be  replaced  with  iron  plates. 

Experimental  Program 

The  bst  of  experiments  which  have  received  bea.j 
time  during  FY  1983  is  shown  in  Table  3.  A  short  de- 
scription is  given  here  for  the  achievements  of  each 
active  experiment 

1  Condensed  Matter  Studio  with  Pulsed  u*  SR 
la)  ZtrthfieU  u*  S*  Studies  of  u*  Quantum  Dif- 
fiaum.  w  Cu  at  Very  Low  Temperature  (M22) 
The  ZF  uSR  experiments  0n  u*  in  Cu  have 
been  extended  to  further  lower  temperature, 
down  to  69  mK.  As  shown  in  Fig  1 4.  the  u* 
hopping  takes  a  temperature  dependence  of 
T"04  in  the  temperature  range  from  15  K  down 
to  0  5  K,  from  where  a  clear  level -ofi"  behavior  is 
also  seen  These  low  temperature  oata  are  clearly 
demonstrating  a  new  type  of  coherent  u*  dif- 
fusion, which  was  very  recently  explained  by  the 


ooiL— — i  -  •  i  ■  >    -  ■  i    |    .  .  . 

°>  to  ioo  kxkT 

Tawptfoturt  (Kl 

Of.  M.FAt»icirf  Uffin  »•*  •*  iW  m  +     Cm  M  rwUm  ttmfn- 


two  theoretical  papers  by  J.  Kondo  and  K.  Ya- 
mada  in  the  light  of  basic  mechanisms  fos  the 
muon-electron  interactions  in  metals, 
lb)  Observation  of  Fine  Structures  m  ZF-Reloxotion 
Function  for  \x'  w  Cu  t  M22) 

With  high  statistics  measurements  on  the  lon- 
gitudinal relaxation  function  under  zero-field  for 
u*  in  Cu  at  15  K.  we  have  seen  a  clear  oscillat- 
ing behavior  in  the  one-third  recovery  part,  as 
shown  in  Fig.  15  The  behavior  was  consistently 
explained  by  Holzschuh  and  Mair's  theory 
which  emphasizes  the  importance  of  the  non- 
Gaussian  distribution  of  the  nuclear  dipolar 
fields  at  the  u "  site. 
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Ic)   So/iwrw     Polyacetylene  "Induced-  and  Probed 
by  Positive  Moons  (M33) 

Positive  muons  were  injected  into  both  trans- 
and  as-  (CH)X  as  well  as  (CD)X.  A  clear  con- 
trast was  seen  in  the  longitudinal  relaxation 
function  under  various  longitudinal  field  H,  as 
demonstrated  in  Fig.  16.  In  cis* polyacetylene, 
the  u*  was  found  to  form  a  radical  state  with  an 
unpaired  x -electron  localized  near  the  u*.  In 
trans- polyacetylene.  this  induced  unpaired 
x-electron  was  found  to  he  highly  delocalized; 
the  longitudinal  u*  spin  relaxation  rate  showed 
H*  'dependence  on  the  applied  field  H  down  to 
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TfeMt  J.  Lift  W  start  esjttrtawati 

 (Aprd  1M3  -  March  IW) 

Beam  Tunc  (h) 

«»  *2  ti 

 (BWD)        (1WD)  (FWO> 


M  l        Construcooa  of  pulled  tnuoa  channel  and  beam  tumoj  experiments 

Primary  Bctnj  Tuniaj  M.2 
Sow^Test  33 
SHCTuaof  7 
*2Twa«t  iu 
MWPCTumnt  JJ 

M-2        Consxrucuoa  of  pubed  p«o«  channel  and  bean  tunic  j  expenmcets 

Surface    ,  Mu  Tuunf  320 

M>3        Dcvriopmeua  of  pSX  methods  using  pubed  rcuoas 

REAL,  CMN  Ten  21  6 

GaP  Tat  12 
Potyaceyko*  Ten  792  2t 

CoTi.  etc  Test  42 

M-7        Kaitftf  shift  measurements  of  t- '  m  CJL  sod  C^JL 

Dtcoaprwf  CVC.  C^K  33  6  139 

M-J        Mgooium  n  kydrocarboai 

f  *   *d  Mu  In  CS,,         etc.  129 

M-IO      Measurement  of  events*  pobriration  of  "B  in  p.'  capture  reaction  on  "C 

n~  m  ^  contribution  Test  216 

M- 1 1      Studies  of  lattice  defect!  sod  phase  uanstioe  by  posune  muons 

#*  is  AJMf.  amorphous  NiSiB  4* 

M  l  2       Hyperfme  effect  m  tijh  muoruc  atom* 

hf  conv  in«Cana»N  106 

M«  16      Negative  awoa  spin  repolaruauoo 

p. '  8i  Tumnf  26 

M-20      Spin  fluctuation  »-  weak  itinerant 

ZF  MnSi.  Double  Resonance  66 

M-22       Quantum  diffusion  of     us  Cu 

ZFn"  SRinCu.etc.  37  40 

M-24      Studies  on  pulsed  nuon  and  amonmm  resonance 

Poiyacctykne  resonance-hunt  II  9t 

M-23      *"SR  studMsoe  valcitcc  foctuatk*  systems 

^'inSm.Sc.  31 

M-26      Chemical  analysts  by  atomic^'  capture 

a  *  capture  in  orfuue  cornpoonds  I  S3 

M-27      f.'  trapping  by  extended  defects  in  metals 

p. '  m  irradiated  AJ.  etc.  1 19 

M-2t      Pulsed  laser  resonance  sectroccopy 

MU  +  NO,  3S 

M'29      p "  SR  studies  on  nug&ettsnt  with  competing  ordering 

,*  mf<co<  .no,  2ti 

M-32      fSK  studies  of  amorphous  rare  earth  magnets 

*"  rtUution  in  DyAt  139 

M-33      OccoupliBt  >nd  rcsooance  studies  on  polyacetjrlcnc  and  other  materials 

» ■  in  as-,  trans-  <CH),  anc*  '~D\  2IS  20 

M-34      Muonium  resonance  spectroscopy  in  gases  and  powder  surfaces 

Diasugnetic^ "  n  alkali  halsdes  266  12  5* 
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fl*  IN  cit-KHh  293K 


TIME  f,S) 

RADICAL     (itirce  tr 


fl*  IN  ttm  -(CH)X  293K 


j 


TIME  V»J 
SOllTOH     cttm»  r  jt* 


FT*.  I*.  Kdcudw 


10  G  (130  kHz)  at  293  K  This  is  quantitatively 
explained  as  onc-dimennoiul  motion  of  the 
muon-induced  soliton. 
id)   Muon  Spin  resonance  Probing  u'  States  after 
Muontum  Reaction  m  Alkali  Hal  Mrs  (M34) 

The  sute  of  positive  rauoru  in  typical  alkaline 
halides  (NaCI.  KC1  and  KI)  were  probed  by  the 
pulsed  muon  spin  rf  resonance  method  with  the 
pulsed  muon  beam  Under  an  0  3  T  decoupling 
field,  which  recovers  u  *  spin  polaruauon.  a  con- 
siderable fraction  of  the  injected  muons  has  been 
found  2i  n*  in  diamagnettc  species,  which  in- 
crease* with  an  activation 'type  temperature  de- 
pendence, as  shown  in  Fig  17  The  ongin  of 
these  fractions,  after  combining  experimental  re- 
sults of  asymmetry  increase  pattern  versus  longi- 
tudinal field,  can  be  attributed  to  the  products  of 
muontum  reaction  in  the  solid  The  results  are 
revealing  important  chemical  reactions  of  muo- 
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mum  undertaken  with  the  mobile  paramagnetic 
species  produced  by  the  injected  u*  itself, 
le)   u*  SR  Studies  on  Spat  Dynamics  in  a  Mixed  An* 
txferromagnet  with  Competing   Magnetic  Aniso- 
tropics Fex  Cox-x  TiO}(M29) 

The  positive  muon  spin  relaxation  method 
was  applied  to  probe  the  spin  dynamics  in  the 
frustrating  magnetic  systems  with  competing 
magreuc  anisotropics  Fco^Coq  4Ti03,  with  refer- 
ence to  FeTiOj  and  CoTiOj.  Below  TN>  small 
but  significant  enhancement  was  observed  in  the 
relaxation  rate  for  Fco6  Coq4  Ti03,  which  is  ex- 
plained by  a  correlation  time  tc  of  the  frustrat- 
ing spins  in  the  range  of  10"*  -10"6  s, 
consistent  with  the  result  (ie  is  longer  than  10"7 
s)  observed  by  Mossbauer  studies  In  addition, 
remarkabl*  spin  dynamics  was  observed  in  both 
FeTiOj  and  CoTiOj  below  TN,  which  might  be 
explained  by  the  u*  spin  relaxauoo  due  to  the 
influence  of  the  spin  wave  excitaUons,  etc. 


2  Negauve  Muon  Studies 

2a)  Anomalous  Hvperfine  Conversion  Phenomena  Ob- 
serbedum'  ,}Candu"  liN  Atoms  (MI2) 

A  pulsed  beam  of  polanzed  negative  muons 
was  slopped  in  ennched  ,JC  powder  at  room 
temperature  and  in  liquid  nitrogen  (  ,4N)  at  77 
K.  Transverse  magnetic  fields  were  used  to  p re- 
cess the  upper  hyperfine  state  (F*)  of  u"  ''C 
and  u"  HN.  The  slow  depolarization  rales  in  the 
muon  spin  rotauoo  pattern  were  cbv.ved  in 
both  cases:  0>26  (12)  us"1  for  ^  IJC  and 
0092  (33)  us" 1  for  u~  HN.  The  resuiu  for  both 
u-,,C  and  u~  MN  do  not  agree  with  the  pre- 
dicted hyperfine  transition  rate  from  F*  and 
F",  suggesting  either  an  anomalously  enhanced 
hyperfine  transition  or  an  anomalously  large  dif- 
ference in  nuclear  muon  capture  rates  between 
F*  to  F"  stales  Probably,  molecular  excitation 
in  t>  .h  the  gr?phite  network  and  the  liquid  N2 
may  contribute  to  enhance  the  hyperfine  transi- 
tion rates 


MEDICAL  RESEARCH  IN  THE  PARTICLE 
RADIATION  MEDICAL  SCIENCE  CENTER 


Investigations  at  the  Particle  RadiaUon  Medical 
Science  Center  of  the  University  of  Tsukuba  showed 
remarkable  progress  in  1983  with  clinical  apphcaUon 
of  proton  beams  produced  by  the  booster  synchrotron 
in  KEK  The  clinical  study  has  started  after  a  thiee 
year  preparauon  of  facihues  and  techniques,  and  has 
yielded  many  successes  Details  of  the  research  acUv- 
ities  are  described  in  this  report. 

Clinical  application  of  proton  beam 
irradiation 

Proton  beam  therapy  has  started  at  the  Particle 
Radiation  Medical  Science  Center  (PAR MS)  of  the 
University  of  the  Tsukuba  with  cooperauon  from  the 
National  Laboratory  for  High  Energy  Physics  in 
April.  1^83  The  energy  of  ihe  Droton  beam  was  ad- 


justed down  from  500  MeV  to  250  MeV  for  medical 
use  and  the  beam  was  supplied  for  four  hours  every 
day  for  use  by  the  mulufracuon  daily  irradiation 
method.  Cancer  lesions  in  24  cases  were  irradiated 
through  a  single  fixed  field  using  a  bolus  designed  for 
each  individual  case.  The  treatment  for  22  cases  out 
of  those  was  performed  on  schedule 

Clinical  results  of  the  casts  are  as  follows: 

1  Cancer  lesions  of  the  skin  in  4  cases  responded 
well  to  the  proton  beam  irradiaUon  and  melted 
away.  There  were  no  clinical  evidences  of  recur- 
rence and  no  definite  tissue  damages  due  to  the 
irradiation  12  months  after  completion  of  the 
treatment  (see  figures  in  the  cover  page  of  this 
chapter) 

2  Two  tongue  cancer  cases  showed  disappearance 
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of  the  lesions  and  no  evidence*  of  local  recur- 
rence* were  detected  on  a  clinical  basis  6  months 
later  (see  figure*  in  the  cover  page  of  this  chap- 
ter) 

3.  Three  cases  with  a  tumor  lesion  in  the  H  A  N 
region  also  showed  remarkable  improvement 
with  no  clinical  signs  of  residual  disease  three 
month*  after  completion  of  the  irradiation. 

4.  One  case  with  carcinoma  of  the  uterine  cervix  in 
a  clinical  stage  Ulb  had  proton  beam  irradiation 
to  the  primary  lesion  and  Co-60  y  ray  treatment 
to  the  intrapelvic  lymphnode  chain*.  She  is  do- 
ing well,  without  any  evidence  of  disease  six 
months  later.  These  clinical  results  and  tumor 
responses  on  the  proton  beam  irradiation  seemed 
to  be  similar  to  the  conventional  Co-60  y  ray  ir- 
radiation. Therefore,  it  was  noted  that  the  pro- 
ton beam*  could  be  used  in  cancer  therapy  Tor 
radical  purposes,  using  clinical  experience  m 
conventional  radiation  therapy 

5  Two  case*  with  hepatoma,  one  case  with  retro- 
peritoneal tumor,  nine  case*  of  brain  tumor*, 
also  underwent  the  treatment  in  the  past  sene* 
All  of  ihe  cases  are  doing  well  to  date,  except 
one  brain  case  which  did  not  show  sufficient  im- 
provement of  symptoms  and  was  reopen  ted  af- 
ter the  proton  beam  treatment.  They  are  to  be 
followed  on  an  out  patient  basis  In  view  of  the 
clinical  successes,  the  proton  beam  treatment  is 
to  be  continued  and  more  cancer  case*  in  wider 
range*,  especially  for  cancers  in  deep-seated  or- 
gan*, including  lung,  stomach,  rectarn  etc..  will 
be  treated  as  the  candidate*  of  this  study. 

Nawly  dttignad  b«sm  control  and  treatment 
planning  system 

A  newly  designed  fine  degradcr  has  been  installed 
in  the  vertical  proton  beam  Proton  energy  is  de- 
graded by  passing  througn  an  o,l  bath  at  the  central 
concavity,  with  a  variable  thickness  for  the  beam  in- 
let. The  proton  beam  range  m  water  can  be  remotely 
control  leu  within  i  05  mm  with  this  fine  degrader, 
which  has  not  practically  affected  the  shape  of  the 
Bragg  peak  The  moving  velocity  of  the  concavity 
part  is  quick  enough  to  vary  the  full  range  within  a 
few  seconds  after  remote  presetting  (Fig  18). 

A  large  uniform  held  has  been  lormed  by  the  use  of 
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a  scattcrer  and  nng  collimator  assembly.  The  scat- 
terer  thickness  will  be  reduced  to  meet  the  dose  rate 
requirement  for  the  case  of  smaller  field  irradiation.  A 
semtempincal  study  was  needed  to  determine  the  opti- 
mum geometry  and  position  for  setting  this  assembly. 

A  treatment  planning  system  based  on  X-ray  CT 
has  been  developed  with  the  aid  of  a  VAX  11/750 
computer  with  a  graphic  display.  CT  images  are  ob- 
tained with  a  CE-CT  scanner  at  the  Tsikuba  Univer- 
sity Hospital  and  transfered  to  PA  RMS  by  magnetic 
tape  The  treatment  planning  for  10  slices  can  be 
achieved  in  about  2  hours,  including  data  outputs  for 
the  bolus  fabrication. 

Proton  Beam  Un« 

In  the  1983  fiscal  year,  the  proton  beam  line  was 
operated  for  a  total  of  416  hours  in  full  beam  mode 
and  772  hour*  in  the  parasitic  mode  About  90  per- 
cent of  the  full  beam  time  was  dedicated  for  proton 
radiotherapy  and  other*  for  biological  experiment* 
and  R  and  D  for  the  proton  CT.  The  total  down  time 
due  to  the  trouble  in  the  beam  line  was  less  than  a 
few  hour*  and  the  beam  line  operated  very  well.  In  or- 
der to  use  the  booster  beam  efficiently,  beam  sharing 
with  the  meson  or  neutron  facility  was  introduced  at 
the  time  of  protcn  radiotherapy  Data  from  the  SEC 
profile  monitors  can  be  read  into  a  computer  through 
a  CAM  AC  interface  Interlock  release  boxes  for  the 
shield  doors  were  insulted  at  the  front  of  the  two  pro- 


112 


457  £J8AJi*VA V«!OOT33M 

ERIC 


453 


ton  irradiation  rooms,  to  make  it  possible  for  the 
medical  doctor  to  enter  into  the  radiotherapy  room  as 
soon  as  possible  at  the  time  or  an  emergency  with  the 
patient  Safety  »  guaranteed  by  stopping  the  beam 
.ind  by  switching  eft  the  first  beam  line  magnet  when 
thr  interlock  release  button  is  pushed 

Proton  Com  put  ad  Tomography 

Equipments  Tor  proton  computed  tomography  were 
constructed  and  installed  in  the  horizontal  irradiation 
room  (see  Fig.  19)  The  equipment  includes  a  median' 
ical  chopper  with  rotating  chair,  three  spectrometer 
magnets  with  vacuum  chambers  and  the  position  de- 
tector at  the  image  plane  of  the  spectrometer  The  me- 
chanical chopper  is  a  beam  scanning  device  to 
generate  and  scan  about  twenty  pencil  beams  colli- 
mated  from  the  broad  and  parallel  beam  and  to  cut 
the  scattered  beam  in  the  object.  It  consists  of  two 
>cts  of  pairs  of  slits,  one  of  which  defines  the  sliced 
beam  and  the  other  produces  the  multi-penal  beam 
from  the  sliced  beam.  These  slits  arc  driven  by  a  servo 
system,  using  high-pressure  oil,  to  scan  the  multi-pen- 
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al  beam.  The  precision  of  the  position  was  found  to 
be  less  than  SO  nvcrons,  which  met  our  requirement. 

The  magnetic  spectrometer  is  of  the  QDQ  double- 
image  type  and  was  tuned  with  the  proton  beam.  First 
we  determined  the  absolute  value  of  the  average  en- 
ergy of  the  proton  beam  with  a  dE/dx  counter  plus  an 
aluminum  degrader  of  variable  thickness.  Using  the 
beam,  the  beam  optics  of  the  spectrometer  was  tuned 
with  an  image  detector  (X-ray  film)  near  the  focus 
point  of  the  spectrometer.  Toe  spectrometer  was 
found  to  resolve  at  least  dp/p  m  0.12  %.  which  corre- 
sponded to  the  integrated  CT  number  of  3.  A  sche- 
matic diagram  of  a  unit  of  the  detector  for  the  center 
of  gravity  of  the  multi-penal  bram  is  shown  in  Fig. 
20.  It  is  an  array  of  plastic  scintillator  of  size  (430  mm 
x  10  mm  x  2  mm)  combined  with  a  filter  on  the  top. 
the  transmission  ratio  of  which  varies  linearly  with  co- 
ordinate in  the  direction  of  momentum  dispersion. 
Two  photomutipbers  viewed  the  scintillator  from  ei- 
ther side,  to  monitor  the  intensity  of  the  beam  pulse. 
Another  pfaotomultipher  viewed  through  a  light  fiber 
the  scintillation  light  transmitted  through  the  linear 
filter  placed  at  the  top  of  the  scintillator.  The  filter 
output  (V).  divided  by  the  sum  of  the  beam  intensity 
monitors  (A  +  B)  was  considered  as  a  signal  indicating 
the  center  of  gravity  of  the  beam.  The  performance  of 
the  detector  was  examined  with  beam  and  was  found 
to  aave  some  difficulties  in  normalization  and  in  pre- 
cision 
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The  signal  from  the  position  detector  was  con- 
verted using  ADC's  and  tad  into  the  memory  0f  a 
microcomputer.  Microtia ndier.  The  Mic.ohandler  has 
a  16-channel  digital  I/O  po.:.  32-channel  12  bit  ana- 
log*to-digila!  converter,  and  a  pulse  motor  controller 
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It  co  xols  all  of  the  CT  device.  uke$  CT  data,  and 
sends  the  dtU  to  a  host  computer.  VAX-1 1/750  by 
command*  tent  from  a  host  computer  through 
RS-232C.  We  developed  a  dau  acqusmoo  program 
for  the  proton  CT.  The  program  resides  in  two  parts 
the  one  resides  in  the  host  computer,  the  other  in  the 
microcomputer.  The  host  computer  is  always  master 
and  the  microcomputer  is  always  the  slave.  The  dipt* I 
I/O  port  was  used  to  monitor  the  status  of  the  me- 
chanical  chopper,  beam  ON/OFF  and  the  moving  ta- 
ble of  the  detector  and  to  control  the  mechanical 
chopper  and  the  beam  interlock  etc.  We  prepared  a 
set  of  commands  in  the  Microhandler  so  that  control 
of  the  Microhandlcr  can  be  made  from  tlx*  host  com- 
puter   By  sending  these  command  strings  from  the 


master  to  the  slave,  ue  control  all  the  devices  related 
to  the  proton  CT  and  take  data  This  program  was 
found  to  work  well  in  a  test  run. 

A  data  analysts  and  display  program  was  developed 
to  extract  the  integrated  electron  density  along  the 
beam  path  from  the  raw  data  .  to  reconstruct  the  im- 
age from  the  collection  of  the  projection  data  and  to 
display  the  reconstructed  image  on  the  image  display. 
The  operator  interactively  sets  the  window  level  and 
width  with  a  trackball. 

As  a  whole,  all  the  element  of  the  proton  CT,  ex- 
cept the  detector  of  the  center  of  gravity  of  the  beam, 
were  found  to  work  well.  We  will  concentrate  our  ef- 
forts on  improving  the  performance  of  the  position 
detector 


FUTURE  PROGRAM  OF  BSF 


Design  studies  on  a  proton  synchrotron  GEMINI 
for  use  as  an  intense  pulsed  neutron  and  meson  source 
is  in  progress.  In  addition  to  a  more  detailed  design  of 
each  accelerator  component,  R  &  D  for  some  techni- 
cal problems  is  underway. 

1 )  Production  of  prototype  permanent  quadrupote 
magnets  for  the  dnft  tube  of  the  injector  Imac 

2)  Design  of  a  chopper  for  the  preinjcctor  beam  for 
minimizing  the  injection  beam  loss  m  the  syn- 
chrotron 

3)  Model  tests  on  the  dual  resonant-frequency 
mode  operation  of  the  synchrotron  magnet  for 
reducing  the  RF  accelerating  voltage. 

4)  Development  of  a  stranded  cable  with  a  water- 
cooling  pipe  for  a  rapid-cycling  synchrotron 
magnet  coil. 

5)  Construction  of  a  model  of  the  power  amplifier 


system  for  the  RF  acceleration,  etc 
And  also,  experiments  such  as  the  test  of  beam  bunch 
shortening,  which  is  very  important  to  the  pulsed  uSR 
experiments,  were  earned  out  by  practical  use  of  the 
existing  accelerator  and  experimental  facilities. 

On  the  other  hand,  the  advisory  committee  for  the 
BSF  future  program  has  discussed  the  financial  scale 
of  the  new  project,  the  layout  of  the  facility,  the  lo- 
cation of  the  facility  in  the  KEK  site,  the  construction 
time  schedule,  the  possible  future  extension  of  the  ac- 
celerator GEMINI,  etc.  The  conclusions  of  the  dis- 
cussion  were  reported  to  the  committee  for  Booster 
Synchrotron  Utilization  Facility  after  being  presented 
and  discussed  at  the  third  meeting  of  the  BSF  future 
program  held  on  March  I9S4. 

Fig  21  shows  the  proposed  layout  of  the  new  facil- 
ity 
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The  Photon  Factory  ran  steadily  throughout  FY  1983  and  provided  abundant  photons,  from  ultraviolet  through  hard 
X-rays,  for  users  from  universities,  research  laboratories  and  industries.  They  enjoyed  stable  operation  of  the  light 
source  for  most  of  the  beam-time,  and  a  lot  of  excitement  in  scientific  achievement  was  experienced,  thus  making  peo- 
ple more  and  more  convinced  that  the  capabilities  of  synchrotron  radiation  research  are  really  remarkable. 

The  entire  facility  has  been  opened  to  qualified  users  since  the  beginning  of  FY  1983.  and  by  the  cud  March  84. 103 
proposals  have  been  accepted  for  use  of  beam-time.  Beam-time  assigned  to  private  industries  was  686  station-hours  for 
21  proposals,  which  corresponds  to  3%  of  the  totally  available  time. 

The  linear  accelerator,  serving  as  the  injector  of  the  Photon  Factory  light  source,  ran  perfectly,  without  any  inter- 
ruption or  any  appreciable  beam  losses,  at  2J5  GeV,  50  mA,  with  one  pulse  per  second 

The  linac  has  also  been  supplying  electron  beams  to  the  newly  completed  6  GeV  Accumulate  Ring  of  TRISTAN 
since  Ot.oter  83.  and  a  positron  injector  for  TRISTAN  is  under  construction. 

The  storage  ring,  the  25  GeV  light  source,  ran  2047  hours,  or  157  ampere-hours  in  FY  83.  of  which  about  two 
thirds  was  made  open  to  users  The  rest  of  the  time  was  spent  for  tune-up  of  the  machine  and  for  accelerator  studies. 
During  that  period  we  have  been  able  to  overcome  quite  a  number  of  different  types  of  instabilities,  and  as  a  conse- 
quence we  achieved  a  great  improvement  both  in  lifetime  and  in  the  position  stability  of  the  beam  Nevertheless,  the  sto- 
rage ring  is  not  yet  completely  free  from  instabilities,  so  that  continued  effort*  in  this  respect  are  required. 

The  mosi  significant  developments  m  this  fiscal  year  were  the  successful  commissioning  of  the  superconducting  verti- 
cal wiggler  and  of  a  120-pole  permanent  magnet  undulator  Preliminary  but  exciting  experiments  on  angiography  of  liv- 
ing specimens  and  topography  of  GoAs  crystals  were  performed  at  the  wiggler  line  (BL-14),  and  angle-resolved 
inner-shell  photoionlzation  studies  of  atoms  and  molecules,  and  determination  of  the  electron  neutrino  mass  were  under" 
taken  using  soft  X-rays  from  the  undulator.  All  these  experiments  demonstrated  fantastic  extension  at  the  technical  fea- 
sibility associated  with  these  insertion  devices. 

Scientific  achievements  obtained  since  the  first  beam-time  in  June  1982  were  summarized  in  our  first  publication,  the 
Photon  Factory  Activity  Report  82183.  published  in  March  1984  and  the  first  annual  users'  meeting  was  held  in  Novem- 
ber 1983.  Photon  Factory  News,  a  regular  communication  journal  intended  for  prompt  correspondence  between  the  in- 
house  staff  and  users  is  being  published  since  June  83. 

Developments  in  collaboration  between  the  Photon  Factory  and  prvtate  industry  research  institutions  have  been  a 
significant  feature  in  FY  83.  NTT  (Nippon  Telegram  and  Telephone  Public  Corporation)  beam  line  (BL-l)  has  been 
completed  so  that  studies  on  soft  X*ray  lithography  and  associated  research  activities  were  started.  Four  other  collabo- 
rational  research  program*  have  also  been  contracted  between  KEK  and  five  companies 
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INJECTOR  UNAC  DEPARTMENT 


Operation  of  the  2  5  GcV  injector  electron  linac 
his  continued  without  any  tenons  trouble  during  FY 
1983.  Injection  of  the  2  5  GcV  electron  beam  into  the 
TRISTAN  Accumulation  Ring  was  started  in  October 
1983.  Total  operation  imc  of  the  Unac  during  FY 
1983  was  over  2,100  hours. 

The  PF  nng  has  been  operated  in  a  multi- bunch 
mode  since  its  initial  operation.  Consequently,  for  the 
PF  ring  injection  the  beam  prise  is  wide  in  the  micro- 
second range.  However  in  the  TRISTAN  Accumu- 
lation  Ring  ttaglc-buncb  mode  operation  is  normal. 
For  injection  it  requires  a  very  abort  (<  2  ns)  beam 
synchronized  with  the  ring  rf.  Also  the  short  pulse 
beam  is  occasionally  required  for  testing  the  single 
bunch  mode  operation  of  the  PF  ring  To  provide 
long  and/or  short  pulse  beams  for  both  rings  a  special 
injection  system  was  developed 

Since  PF  injection  requires  only  several  minutes 
and  lifetime  of  the  stored  beam  has  been  increased  to 
more  than  10  hours,  PF  injection  is  normally  done  c« 
«y  8  hours.  During  the  remaining  time  between  PF 
injections,  the  Hoac  beam  is  used  for  the  TRISTAN 
Accumulation  Ring. 

Although  the  routine  operation  of  the  PF  ring  is 
mulu-bunch  mode,  if  the  stored  beam  fills  up  all  of 
the  rf  buckets  (312  buckets)  it  can  cause  an  instability 
due  to  ion-trapping  To  reduce  the  instability,  a 
pa.tial.fiU.modr  (filiins  2/3  of  the  bucket*)  operation 
»s  often  effective.  For  such  an  operation,  synchronized 
injection  is  also  important. 

TJ*  Unac  beam  is  stable.  However,  the  beam  is  in- 
tervupted  for  a  few  minutes  whenever  a  fault  in  the 
high  power  klystrons  takes  place.  As  a  result  of  ad- 
vancements and  improvements  m  the  klystrons,  the 
fault  rate  was  reduced  t0  about  30  %  compared  with 
FY  1982. 

The  tunnel  and  klystron  gallery  for  the  positron 
generator  were  completed  by  the  end  of  FY  1982.  Six 
klystron  moduli  tors,  a  gun  modulator,  about  half  of 
the  accelerator  guides  and  other  components  were 
procured,  and  their  installation  and  assembling  are 
started  at  the  beginning  of  FY  1984 


PF  Unac  Drvalopmtnta 

1.  Acctferattf  gaUet 

All  of  the  40  acceleration  units  have  been  operated 
without  any  serious  trouble  during  FY  1983.  The  total 
operation  time  of  ion  pumps  exceeds  25,000  hours. 
Recently,  the  evacuation  ability  of  the  small  ion 
pumps  (SO  C/s)  becomes  poor  gradually. 

A  trial  fabrication  of  4  m  long  accelerator  guide 
was  performed.  The  guide  was  made  by  Joining  two  2 
m  long  electroplated  accelerator  guides  in  series.  This 
long  guide  was  installed  into  the  acceleration  unit  5  - 
V  (the  7th  of  sector  S)  of  the  linac  and  the  teat  has 
been  continued  since  October  1983.  The  result  of  the 
test  is  satisfactory. 

Improvement  was  made  in  the  struct  u-e  of  SiC 
dummy  loads  so  as  to  cool  the  SiC  by  pure  water  di- 
rectly (shown  in  Fig  1).  Four  sett  ^  the  improved 
dummy  lords  were  mounted  in  the  acceleration  unit  5 
•  6  and  were  tested.  Up  to  the  present,  no  trouble  has 
been  found 
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In  January  1984,  t  beam  slit  was  installed  into  an 
energy  analyzer  system  located  in  the  beam  switch 
yard  to  improve  the  resolution  of  analyzer.  This  new 
system  enabled  accurate  measurements  of  character- 
ittics  of  the  accelerated  beam,  such  as  relation  be- 
tween energy  and  pulse  duration  (Fig  2). 
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F1(.  2.  Vm  *arbtU«  *f  Utm  ttrfj  tytctri  vlikla  a  i*Im. 


2.  Microwave  source 

Id  FY  1983  the  rf  system  on  the  whole  has  been 
run  stably  with  the  total  opera uon  time  of  2.500  h  (in- 
cluding high  power  processing  of  main  klystrons  and 
accelerator  guides) 

The  rf  drive  system  has  operated  satisfactorily  ex- 
cept a  few  troubles.  A  main-booster  klystron  and  a 
sub-booster  klystron  were  replaced  because  of  failure 
for  the  former  ami  instability  for  the  latter.  Five  rf 
phasing  units  which  adjust  the  klystron  rf  phases  to 
the  beam  bunchs  have  been  developed.  Figure  3  shows 
its  block  diagram 

The  major  problem  of  ibe  rf  *y»tcm  is  the  high 
power  klystron  failure.  In  FY  1983.  1 1  klystrons  were 
replaced  by  new  ones  Mam  cause  of  these  failures  are 
due  to  internal  arcing  in  the  electron  gun  region  In- 
tense improvements  of  the  klystrons  have  been  done 


and  mean  ages  of  the  klystrons  are  increaafng  re- 
cently Table  1  stows  the  mean  age  and  MTBF 
(Mean  Time  between  Failures)  of  the  klystrons  during 
FY  1983  and  the  cumwVive. 

The  average  fault  rate  of  the  modulators  due  to 
klystron  arcing  was  decreased  to  about  1  37  times 
/day/klystron,  which  corresponds  to  one  time  /0.43  h 
for  the  41  klystrons. 

3.  Cootroi 

In  May  1983  an  rf  synchroruzing  trigger  system 
was  built  for  partially  filled  mul&bunch  mode  opera- 
tion of  the  Photon  Factory  (PF)  storage  ring  and  for 
single  bujch  operation  of  the  TRISTAN  Accumu- 
lation Ring  (AR).  A  master  trigger  pulse  generated  by 
dividing  a  476  MHz  signal  from  a  master  oscillator  is 
synchronized  with  the  accelerating  frequency  of  the 
PF  ring  (500  MHz)  or  that  of  AR  (508  MHz),  and  is 
transmitted  to  a  gun  trigger  system  and  five  Sub-trig' 
ger  delay  units  for  klystron  pulse  modulators.  The  sys- 
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tern  block  diagram  is  shown  m  Fig.  4. 


i*i  i  ■!■  1 1  »ttfcf«*mtf  Irninr j  jWMHifatii  ft 
rt*  «  m  MH«  far  *•  At. 

Prior  to  the  start  of  injection  into  the  AR  id  Octo- 
ber 1983,  i  team  interlock  ind  switching  system  was 
iDStalled  Tor  unified  handling  of  the  safety  interlock 
and  beam  request  signals  from  the  Fr  ring  and  AR. 
Figure  S  shows  a  display  panel  for  this  system. 


on 


At  the  beginning  of  FY  1983.  two  sets  of  low-cost 
personal  computers  were  introduced  into  the  main 
operator'*  console  to  dtipby  detailed  status  of  klys- 


tron modulators  and  beam  transport  system.  A  klys- 
tron status  picture  can  be  changed  into  other  pictures 
by  a  transparent  touch  panel  mounted  on  a  20*  color 
CRT.  A  tight-pen  is  temporarily  used  for  status  dis- 
play of  the  beam  tr   iport  system. 

At  the  end  of  FY  19t3,  the  display  panel  for  the 
safet)  interlock  system  in  the  msiu  omtrol  room  was 
replaced  with  a  new  one  which  was  designed  to  cover 
both  -ae  PF  injector  linac  and  the  positron  generator 
under  construction. 

4.  Injector 

A  short  pulse  grid  pulser  for  the  electron  gun  and 
its  trigger  pulse  transmission  unit  using  optical  fiber 
cable  have  been  developed  to  satisfy  the  requirement 
for  single  bunch  operation  for  both  of  the  TRISTAN 
Accumulation  Ring  and  the  PF  ring.  The  electron  gun 
generates  electron  beam  pulses  of  about  two  hundred 
milUampcrea  with  a  duration  of  l.S  nanoeeconds  (Fig. 
6)  A  time  jitter  lest  than  30  picoseconds  was  obtained 
with  the  optical  trigger  pulse  transmission  unit  which 
consists  of  a  photo-transmitter  module,  a  receiver  mo- 
dule and  a  30  m  long  optical  fiber  cable. 

To  pro*  ide  long  and/or  short  pulse  beams  for  both 
of  the  PF  ring  and  the  Accumulation  Ring,  an  easy 
and  smooth  switchover  of  the  beam  pulse  width  is  re- 
quired. The  nucrosccond  grid  pulser  which  has  been 
used  so  far,  and  the  new  nanosecond  grid  pulser  arc 
connected  to  the  gun  grid  in  parallel.  Therefore  u-sec 
and  n-sec  pulses  can  easily  be  selected  remotely  by 
switching  the  trigger  signal 

Since  the  high  voltage  gun  pulse  modulator  used  so 
far  was  just  one  modified  temporarily  from  an  ordi- 
nary klystron  modulator,  a  new  modulator  for  the 
gun  was  constructed  and  tested  at  full  voltage  with 
the  gun  load  during  this  FY. 

B«m  Characteristic*  Irtvaatigatlon  and 
improvement 

Electron  beam  used  for  the  AR  injection  has  a 
pulse  width  of  1  5  wee  Kith  a  peak  current  of  100  to 
ISO  mA,  whereas  that  for  the  PF  ring  has  a  width  of 
several  hundred  usee  with  a  current  of  30  to  40  mA. 
The  beam  energy  spread  is  strongly  dependent  on  the 
buncher  and  prebuncher  rf  phases,  so  that  this  de- 
pendence was  studied  to  find  out  optimum  phase  val- 
ues for  both  nngs  As  a  result,  the  parameter  of  the 
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tone  to  be  adjusted  is  (he  last  high  power  klystron  rf 
pi»ae  oejy.  which  corrects  the  energy  difference  be- 
tween both  beam*  arising  taevuaWy  from  the  differ- 
ence «  pulse  dunuoc  Ii  takes  ooly  a  few  minutes  10 
tune  the  linac  and  to  twitch  over  trigger  signals  to  the 
gun  puhen  (describsd  before*. 

A  current  monitor  for  a  short  pulse  beam  has  been 
developed.  Vnts  is  of  a  wall-current  detection  type,  in 
which  a  cylindrical  solid  mister  is  surrounded  by  an 
annular  ferite  core  and  covered  by  a  metal  shield  It 
has  a  fast  response  with  an  esceikat  S/N  rarjo,  figure 
6  snows  current  wtvt  form  with  thmmonisor. 


ns-*.  Trfkrite^twttsst^rfsktnMc. 


Another  improvement  made  in  beam  handling  is  an 
installation  of  a  beam  delay  circuit  in  the  trigger  rys- 
tem.  it  is  variable  up  to  350  nsec  in  SO  nscc  steps,  and 
enables  fine  tailonng  the  shape  of  partially  filled 
bunches  by  varying  the  delay  during  the  beam  in- 
jection into  the  PF  nng 

Beam  characteristics  were  investigated  under  vari- 
ous conditions.  Energy  spread  was  measured  at  the 
end  of  the  injection  system  at  various  beam  currents 
The  result  is  shown  in  Fig  7  The  peak  energy  de- 
creases linearly  with  the  increase  of  injection  current 
and  the  energy  spread  for  low  current  of  lc»  than  100 
raA  is  about  2V«  However,  for  high  current  the 
spread  increases  up  to  3  -  4V,  The  bunch  width  for 
various  injection  currents  was  measured  with  the  re- 
sult of  I  -  2*  for  low  currents  and  3  -  4*  for  high 
currents  This  suggests  thai  a  space  charge  effect  be- 
comes ugnificaM  above  a  beam  current  of  hundreds 


mA. 
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In  general,  an  energy  spectrum  cs  the  electron  lmac 
4  beam  is  spread  due  to  electrons  accelerated  in  the 
transient  state  which  have  higher  energies  than  the 
dectrons  in  the  suttonary  state.  Therefore,  if  sup- 
pressioo  of  energy  is  made  for  these  higher  energy 
dectrons,  tt  can  serve  to  improve  the  energy  spread 
This  suppression  is  made  by  accelerating  those  elec- 
trons with  the  rising  part  of  rf  pulse.  An  example  is 
shown  in  Fig.  8;  it  has  much  narrower  spread  than 
that  shown  in  Fig.  2. 


Concerning  high  current  acceleration  characteristics 
the  beam  blow  up  experiment  has  been  continued 
Three  groups  of  the  blow-up  mode  frequencies  were 
found  3  tO  -  3  90  GHz.  4  20  -  4  25  GHz,  and  4.33 
*■  4  38  GHz  The  latter  two  are  theoretically  expected 
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but  the  former  is  not,  and  the  reason  is  not  clear  at 
present. 

Positron  Ganarator  Construction 

1.  Accelerator  f»M« 

The  accelerator  guide  system  for  the  positron  gen- 
erator consists  of  6  acceleration  units,  each  of  which  is 
composed  of  2  accelerator  guides,  rectangular  wave- 
guides with  a  hybnd  power  divider,  3  dummy  loads, 
vacuum  manifolds  and  supporting  stands. 

The  units  2,  3  and  6  have  all  the  same  structure  as 
shown  in  Fig  9.  The  unit  1  is  an  injector  unit,  consist- 
ing of  a  prebuncher,  a  buncher,  a  2  m  guide  and  a  4 
m  guide.  The  unit  4  is  the  first  unit  for  positron  accel- 
eration, consisting  of  a  4  m  guide  surrounded  by 
strong  solenoid  coils,  and  two  2  ro  guides  connected 
in  senes  by  a  waveguide  The  unit  5  consists  of  two  2 
m  guides  similar  to  unit  4,  and  a  4  m  guide.  The  units 

2,  3  and  6  and  the  unit  5  were  fabneated  in  this  fiscal 
year 

Beam  focusing  system  was  designed  on  the  basis  of 
the  beam  envelope  calculation  All  of  the  quadrupole 
magnets  and  their  power  supplies  were  fabneated 
These  power  supplies  were  already  installed  into  the 
racks  located  in  the  klystron  gallery 


Fl{  9  Struetw t  of  the  KCtlmtio*  iwti  2.  3  *w4  6 

2.  Microwave  source 

In  FY  1983.  the  greater  parts  of  rf  equipments  were 
fabricated  Six  main  modulators  were  installed  and 


tested  with  a  dummy  load  fa  the  klystron  gallery  for 
the  positron  generator  (Fig.  10). 

Four  high  power  klystron*,  8  pulse  transformer  as- 
semblies and  tanks  were  also  delivered. 


Fl*.  IS.  M«*«  i  lililin  linilil  fa  4m  By***  C«a*7 


3.  Control 

By  the  end  of  FY  1983,  most  of  the  control  system 
hardware  had  been  provided.  The  positron  generator 
has  its  own  operator's  station  to  be  operable  inde* 
pendently  of  the  PF  linac;  this  operator's  station  is 
one  subcontrol  system  of  the  PF  linac.  The  controller 
for  this  station  is  a  multi-CPU  controlled  CAMAC 
system  which  consists  of  8  bit  (6800  type)  and  16  bit 
(68000  type)  single  board  computers  and  auxiliary 
crate  controllers  as  shown  in  Fig.  11.  Five  sets  of  per- 
sonal computers  were  purchased  to  be  used  as  graphic 
displays  built  into  the  control  panel. 
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4.  Iajector 

Basically,  the  injection  system  for  the  positron  gen- 
erator is  almost  the  same  as  that  of  the  2.5  Gc  V  linac 
However,  since  a  much  higher  electron  beam  current 
was  required,  the  injection  system  was  newly  designed. 
To  accelerate  sufficient  beam  current,  a  high  injection 
voltage  more  than  ISO  kV  and  a  high  current  more 
than  a  few  amperes  are  required.  A  ISO  kV  pulse  mo- 
dulator and  a  high  voltage  station  with  a  grid  pulser 
were  procured  and  installed.  In  addition,  a  special 
bunching  system  is  alro  required  for  such  a  high  beam 
current;  consequently,  a  new  injection  system  includ- 
ing a  sub-harmonic  buncher.  a  prebuncher  and  a 
buncber  was  designed,  and  the  beam  tracing  was  com- 
pleted. 


LIGHT  SOURCE  DEPARTMENT 


Storage  Ring  Oporatfona 

In  FY  1983  the  Storage  Ring  was  operated  for  23 
weeks;  6  weeks  in  May  to  July  1983,  9  weeks  in  Octo- 
ber to  December  1983  and  8  weeks  in  January  to 
March  1984  In  a  normal  operation  week  the  Storage 
R»ag  starts  at  9  o'clock  on  Tuesday  and  ends  at  9 
o'clock  on  Saturday  During  96  hours  operation.  64 
hours  are  dedicated  to  user's  experiments.  24  hours 
are  used  for  accelerator  study  and  8  hours  for  ma« 
chine  tuning- up 

The  total  operating  time  has  increased  year  by 


year,  as  Table  2  shows,  and  the  user's  tune  has  be- 
come beyond  two  thirds  of  the  tout  operating  tune  in 
FY  1983.  It  u  i  remarkable  thing  that,  while  the 
user's  ume  was  just  twice  of  that  in  FY  1982,  the  inte- 
grated stored  current  in  the  user's  run  which  is  equiv- 
alent to  available  ihotons  for  users  was  2.7  times 
larger  than  Out  in  FY  1982.  This  mainly  attributes  to 
improvement  in  the  beam  lifetime  and,  «  a  matter  of 
fact,  the  beam  lifetime  has  become  longer  and  longer 
as  the  vacuum  pressure  has  been  improved  through 
this  year. 
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T>bk  2.  OftnikM  Maibttn 


TiMt  3  StMitt  let  of  m\tr  lime  in  FY  IHJ 


Fiscal  year 

\n\ 

19S2 

19*1 

Scheduled  beam  lime  (hrs) 

271 

129t 

2047 

Alkxted  titer  time  (hrs) 

661 

1J57 

Stored  current  tmegrabon  (A  hi) 

57.7 

157  0 

As  illustrated  m  Fig.  12,  the  average  stored  current 
has  grown  up  in  FY  1983,  although  the  imual  stored 
current  was  still  limited  to  ISO  mA  because  of  a  ther- 
mal reason.  At  the  end  of  FY  1983,  the  lifetime  of  the 
stored  beam  was  10  hours  at  ISO  mA  and  20  hours  at 
80  mA.  Consequently,  time  interval  between  injections 
became  longer,  and  at  the  end  of  FY  1983  the  in- 
jection took  place  once  eve*?  eight  hours. 
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Hj.  12.  WmUj  trtrtft  of  ttttM  Carre*  mi  tafictten  bferral  * 


Table  *  summarizes  the  statisucs  of  user's  time  in 
FY  1983  It  can  be  seen  that  the  rate  of  loss  ume  was 
very  small  and  the  Storage  Ring  has  operated  quite 
efficiently 

Highlights  ot  me  Storage  Ring  in  FY  1983  were  a 
success  in  single  bunch  operation  and  a  scheduled  op- 
eration of  the  superconducting  vertical  wiggler  in  the 
normal  user's  ume.  Single  bunch  injection  was  sue* 
ceeded  in  December  22,  1983.  Although  single  bunch 


Actual  user  time  (hrs) 

1241  (91.5  *) 

Inject x>n  time  (hrs) 

66  (  4  S  *) 

Machine  figure  (hrs) 

31  (  2  J  *) 

Miscellaneous  (hrs) 

19  (  1  4*1) 

Number  or  injection 

261 

St  ored  current  iiurjrttkxi  (A  hi) 

122  S 

operation  with  more  than  20  mA  were  not  practical 
because  of  vacuum  problem,  no  instability  has  been 
encountered  except  for  the  head-tail  effect,  which 
could  be  cured  by  chroma  ticity  correction.  The  beam 
lifetime  was  about  200  minutes  at  20  mA,  which  was 
clearly  limited  by  increased  vacuum  pressure. 

From  October  1983  extensive  study  has  been  ear- 
ned out  to  find  the  best  operating  condition  for  the 
Storage  Ring  with  the  wiggler  magnet  The  scheduled 
operation  began  in  February  1984  and  the  user's  tim? 
of  1  IS  hours  was  spent  in  cooperation  of  the  wiggler 
magnet  by  the  end  of  March  1984. 

Unfortunately,  the  very  last  week  in  FY  1983  oper- 
ation schedule  was  lost  because  the  Storage  Ring  was 
contaminated  by  air  which  came  from  the  exper- 
imental beam  line  BL-1.  Therefore,  the  storage  ring 
had  to  be  baked  again. 


Storage  Ring  Developments 


1.  Seaercoeaectiag  vertical  wfggkr 

After  the  first  operation  of  the  superconducting 
vertical  wiggler  with  electron  beams  in  February  1983, 
he  bum  leak  occurred  at  the  welded  part  of  coil  case  in 
the  cryostat  in  May,  so  the  wiggler  was  taken  away 
from  the  storage  ring  and  moved  to  the  manufacturer 
for  repair.  It  was  reinstalled  in  the  storage  ring  during 
the  summer  shutdown.  From  November  the  operation 
of  the  wiggler  started  again  with  electron  beams.  The 
main  purpose  of  the  operation  in  November  and  De- 
cember was  tuningmp  of  the  wiggler  itself,  such  as  to 
decide  the  wiggler  excitation  pattern  without  closed 
orbit  distortion,  and  to  find  the  best  operating  tunes 
with  respect  to  the  beam  lifetime.  At  the  same  time, 
experimental  beam  hues  were  tuned  up  using  the  wig- 
gler radiauon.  Since  February  1984,  the  wgglcr  has 
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been  operated  in  the  user's  time  m  parallel  with  other 
be^m  lines 

The  power  supplies  of  the  wiggle r  are  composed  of 
a  main  power  supply  and  two  auxiliary  power  supplies 
connected  to  two  outer  coils  The  closed  orbit  during 
excitation  is  corrected  by  appi,  ng  appropriate  cor* 
rection  current*  on  two  outer  coils,  so  as  to  keep  the 
position  of  electron  orbit  unchanged,  which  is  ob- 
served by  the  beam  profile  monitor.  The  reproducibil- 
ity of  the  beam  position  was  confirmed  by 
observations  at  several  expenmeuUl  stations  and  has 
been  turned  out  to  be  satisfactory. 

Since  the  betatron  frequencies  change  with  the  ex- 
citing current  of  the  wiggler,  they  are  corrected  auto- 
matically, by  the  aid  of  a  control  computer,  by 
changing  currents  of  ring  quadrupolcs  QF  and  QD,  It 
has  been  turned  out  that  the  beam  lifetime  as  well  as 
beam  loss  during  excitation  is  sensitive  to  choice  of 
operating  tunes,  so  that  reproducibility  of  operating 
tunes  is  important  in  the  operation  of  the  wiggler 
This  is  because  higher  o.der  resonances  become 
stronf  with  excitation  and  a  stable  region  becomes 
small  \s  a  result  of  suitable  ccrrection,  the  beam  life- 
time became  satisfactory  as  shown  in  Fig.  13 
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Liquid  helium  were  supplied  by  the  central  cryo- 
genic facility  of  the  low  temperature  group  Helium 
were  transferred  every  four  hours  to  the  wiggler  cryos- 
tat  through  a  12  meters  long  transfer  line  from  a  con- 
tainer whjch  was  placed  in  the  service  area  of  the 


storage  nng  building.  Consumption  of  liquid  helium 
is  4  liters  per  hour,  and  transfer  loss  is  about  50  %  of 

it 

2.  Slagle  baoc*  operatto* 

Single  bunch  operation  is  strongly  expected  by  us- 
ers who  are  interested  in  the  experiments  such  as  the 
molecular  or  the  nuclear  fluorescence  experiments.  In 
the  machine  physics,  the  operation  in  the  single  bunch 
mode  is  suited  to  study  the  properties  of  the  ring  im- 
pedance. 

The  Linac  produces  a  short  pulse  of  electron  beams 
with  duration  of  1.8  us  This  pulse  is  precisely  syn- 
chronized to  the  storage  ring  revolution  frequency 
which  is  produced  from  the  RF  acceleration  frequency 
divided  by  the  harmonic  number. 

In  the  single  bunch  operation,  injectio  place 
every  second  and  charging  rate  was  typically  0  03 
mA/sec.  The  maximum  stored  current  was  20  mA, 
which  was  limited  by  vacuum  problem.  This  is  be- 
cause induced  fields  inside  gate  valves  agitated  sealing 
material  (viton)  and  extraordinary  outgassing  took 
place  The  vacuum  pre.  re  got  worij  to  un tolerable 
value  at  the  location  of  the  gate  valves  above  the 
beam  current  of  20  mA. 

Figure  14  shows  a  single  bunch  signal  obtained 
from  a  pick-up  electrode  for  beam  position  monitor- 
ing We  have  observed  the  head-tail  instability  caused 
by  the  broad  band  impedance  of  the  vacuum  cham- 
ber, and  the  stored  current  was  limited  to  1  mA,  when 
the  chroma ticity  was  not  corrected.  The  chromatid  ty 
is  the  quantity  representing  the  fractional  dependence 
of  the  betatron  frequency  on  the  beam  energy,  which 
is  defined  by  \  -  Av/(AE/E).  The  natural  chromatic- 
ityofthe  nng  is  -5.4  and  -5.0  in  the  horizontal  and 
the  vertical  planes,  respectively, 
zero  or  slightly  positive  values  We  have  measured 
that  threshold  current  of  the  instability  as  a  function 
of  chromaticity.  As  seen  in  Fig.  15,  the  threshold  of 

Chromaticiues  can  be  corrected  wuh  sextupplc 
magnets  It  has  been  recognized  that  the  head-tail  in- 
stability can  be  cured  by  correcung  chromaticitics  to 
the  vertical  case  is  spproximately  three  times  lower 
triun  the  honzonta'  jne.  Tus  can  be  interpreted  by 
the  difference  of  the  horizontal  and  vertical  impe- 
dances arising  from  the  cros*  sectional  shape  of  the 
vacuum  chamber 
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3.  Vacuum  mi  beam  lifetime 

In  spring  shutdown  of  1983.  new  controllers  for 
BA -gauges  were  developed  and  installed  Then,  data 
on  vacuum  pressure  from  48  gauges  could  be  taken  by 
the  aid  of  a  micro-computer,  with  which  a  spatial  diX- 
tnbution  of  the  pressure  and  a  time  vanatton  of  aver* 
age  pressure  as  well  as  the  stored  current  and  the 
beam  lifetime  could  be  read  on  a  visual  display  termi- 
nal 

As  shown  in  Fig.  16.  beam-cleamng  of  vacuum 
chambers  has  progressed  with  increase  in  the  inte- 
grated stored  current  which  is  equivalent  to  the  irradi- 
ated dose  on  vacuum  clumber  wails  Consequently, 
the  improvement  of  beam  lifetime  has  been  progressed 
steadily,  as  seen  in  Fig.  17  In  the*  figures,  circles  re- 


present data  in  the  spnng  run  (May  to  July  1983), 
squares  in  the  autumn  run  (October  to  December 
1983)  and  mangles  in  the  winter  run  (January  to 
March  1984).  Filled  triangles  correspond  to  the  opera- 
tion of  the  wiggler  magnet. 
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Fig.  14.  Im  clmlt  effect  *(  tW  riag  ntw  dmmkm. 


In  the  latter  half  of  the  winter  run,  however,  the 
lifetime  was  rather  deteriorated  been  use  of  bad  vac- 
uum condition  tn  RF  cavities,  which  was  turned  out 
to  be  due  to  very  slow  leak  from  one  of  the  cavities. 
In  addition,  when  the  vertical  wiggler  magnet  was  in 
operation,  the  pressure  rose  up  to  I  x  10" 1  Torr  lo- 
cally, while  tt  was  kept  below  I  x  10  "*  Torr  in  the 
other  part  of  the  ring  This  is  because  intense  X-rays 
irradiated  absorbers  on  the  top  and  bottom  of  the 
downstream  vacuum  chamber,  which  were  virgin  sur- 
faces to  photon  irradiations. 
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4.  Partially  filled  node  operation 

In  the  uniformly  filled  mode  operation,  we  ob- 
served a  vertical  instability  as  regular  spikes  in  the  sig- 
nal of  the  beam  profile  monitor  as  seen  in  Fig.  18 
This  instability  occurred  at  a  stored  current  above  40 
mA,  but  this  did  not  lead  to  beam  loss.  This  vertical 
puliation  was  dearly  correlated  to  the  vacuum  condi. 
uon;  for  instance,  the  frequency  of  the  pulsation  in* 
creased  with  the  average  vacuum  pressure  in  the 
vacuum  chamber.  The  most  like'y  interpretation  for 
these  phenomena  is  that  positive  ions  trapped  by  the 
beam  give  rise  to  the  instability. 

Therefore,  we  expected  that  the  trapped  ions  on  be 
free  from  the  attractive  potential  during  the  popu- 
lation gap  in  the  circumference,  if  the  nng  was  filled 
partially  like  a  photograph  m  Fig  19.  In  fact,  the  op- 
eration in  this  mode  has  succeeded  in  eliminating  the 
vertical  puliation.  The  beam  became  apparently  sta- 
We  at  some  set  of  machine  parameters  At  a  different 
set  of  parameters,  however,  we  observed  a  different 
type  of  vertical  instability  which  caused  beam  loss 


Fla.  It.  <%Mi  facta**  *r  m*d  hihifj  +m*i  t»  *  ■* 

The  vertical  blow-up  appeared  irregularly  and  the 
growth  time  was  of  order  of  10  mi  It  seems  that  the 
vertical  ratability  has  a  threshold  in  the  current  per 
bunch  at  roughly  1  mA /bunch* 


By  varying  the  currents  of  the  defocusing  sextupole 
magnets  (SD),  the  defocusing  quadmpole  magnets 
(QD),  and  'Jw  focusing  quadra  pole  magnets  (QF).  we 
found  that  there  was  a  stable  region  ic  the  $B  -  v, 
plane,  is  shown  in  Fig.  20.  Although  the  stable  region 
seems  to  have  a  dependence  on  the  population  distrib- 
ution, the  vertical  instability  observed  in  the  partial 
filling  case  was  suppressed  practically  by  exciting  the 
sextupole  magnets. 
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5.  ~*  *  for  the  iMUbiUtia 

If  the  operating  temperature  of  the  accelerating 
cavities  is  changed  by  means  of  varying  the  dissi. 
pauon  power  in  the  cavities  or  the  temperature  of 
cooling  water,  the  resonant  frequencies  of  the  higher 
order  modes  of  the  cavity  shift,  while  the  accelerating 
mode  is  tuned  correctly  by  the  tuning  plunger. 

We  have  observed  two  coupled  bunch  instabtutio 
which  *.i  caused  by  the  mgher  order  mode  resonances 
of  the  cavity,  the  longitudinal  coupled  bunch  instabil- 
ity by  the  TMOU-like  mode  (758  MHz)  and  the  hori- 
zontal coupled  bunch  instability  by  the  TM Ill-like 
modr  (1070  MHz)  Frequency  dependences  of  the 
thr^hold  current  of  these  instabilities  were  already  in- 
vestigated at  a  standard  cavity  temperature,  which  » 
given  by  cooling  water  temperature  of  2S*C,  and  cav- 
ity dissipation  power  of  22  kW  in  each  cavity. 

For  the  vertical  wigjrler  operation,  we  have  to  in* 
creasv  the  cavity  dissipation  power  by  30  %  to  insure 
a  sufficient  quantum  lifetime.  This  causes  the  cavity 
temperature  me,  which  leads  to  shift  of  unstable  re* 
gions  Therefore,  we  have  lowered  the  cooling  water 
temperature  by  5*C  to  avoid  the  unstable  region  of 
the  hoiuontal  coupled  bunch  instability,  because  this 
causes  beam  loss  At  present,  howrver,  we  still  have 
the  longitudinal  coupled  bunch  oscillation,  which 
causes  no  beam  loss  but  accompanies  the  horizontal 
beam  size  modulation  with  frequency  of  about  200 
Hz.  Present  regulation  of  water  temperature  has  an 


error  of  PC.  A*  a  result,  horizontal  beim  size 
changes  m  accordarje  with  water  temperature,  be* 
cause  the  threshold  of  the  longitudinal  instability 
fluctuates  with  the  cavity  temperature,  This  sometimes 
causes  decrease  of  the  beam  lifetime  at  the  operation 
of  the  vertical  wiggler,  in  which  the  beam-stay-clear  is 
narrow  horizontally.  For  cure  of  the  instabilities,  we 
are  planning  t  construct  *  new  regulation  system  for 
the  water  temperature  and  also  to  insert  higher  order 
mode  dampers  to  the  cavities.  We  already  finished 
fundamental  test  of  the  damping  antenna  with  tbc  low 
RF  power,  For  the  high  power  test,  two  damping  an* 
tennae  were  built  and  test  with  RF  power  of  40  kW  is 
progressing 

6.  Beam  caa—el  atuloptat 

in  the  spring  shutdown  of  FY  1983,  the  front  ends 
of  four  beam  lines  (BL-1.  BL-2.  BL-4  and  BL-14) 
were  installed.  BL-1,  intended  for  studies  of  microti - 
thography  and  photochemical  reactions,  was  con* 
structed  as  a  joint  work  between  the  Photon  Factory 
end  the  Electrical  Communication  Laboratory,  Nip- 
pon Telegraph  and  Telephone  Public  Corporation. 
BL-4  is  the  third  X-ray  beam  line  from  a  normal 
bending  magnet  Three  double  beryllium  window  as- 
semblies with  horizontal  apertures  of  4.5,  6  and  6 
rarad  are  connected  at  the  downstream  termination  of 
the  front  end.  Unlike  previously  constructed  BL-10 
and  BL-15,  branch  beam  shutters  as  well  ss  the  front 
end  are  installed  inside  the  shieldicj  wall,  which  has 
the  advantage  that  a  shielding  hutch  enclosing  tbc 
branch  beam  shutters  is  unnecessary  *iymore,  In  con- 
sequence, experimental  hutches  could  be  set  closer  by 
a  few  meter'  to  the  shielding  wall  than  in  the  other 
beam  lines 

BL-2  ik  a  beam  line  for  a  permanent  magnet  undu- 
lator  installed  in  tbc  long  straight  section  between 
bending  magnets  31  and  B2  This  line  was  designed  to 
provide  highly  collimated  undulator  radiation  for  a 
single  experimental  station  through  a  differential 
pumping  section  with  small  slits  of  1  mm  in  diameter 
just  outside  the  shielding  wall.  BL-14  is  a  bc», "  line 
for  a  superconducting  vertical  wiggler  totalled  in  the 
medium  straight  section  between  bending  magnets 
B13  and  B14  A  double  beryllium  window  assemWy 
transmits  intense  wiggler  radiation  to  experimental 
stations.  The  window  area  is  16  mm  in  width  and  90 
mm  in  height  and  each  beryllium  foil  is  0.3  mm  in 
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thickness.  In  order  to  reduce  the  Urge  therm*]  load 
produced  by  wigglcr  radiation,  a  1  mm  thick  beryl* 


INSTRUMENTATION  DEPARTMENT 


By  the  end  of  FY  1982,  15  experimental  unions 
were  made  open  to  general  users.  These  include  sta- 
tions for  spectroscopic  studies  in  the  VUV  and  soft 
X-rays,  EXAFS,  X-ray  topography,  crystal  structure 
analyses,  small  angle  X-ray  scattering  and  several 
kinds  of  diffraction  studies  in  the  hard  X-ray  rep  cm. 

Id  FY  19S3,  major  effom  were  made  to:  (1)  r  .m- 
pktion  of  beam  tines  and  improvement*  in  the  exper- 
imental stations,  and  (2)  full  exploitation  of  all  the 
operational  stations. 

In  addition  to  the  above-mentioned  IS  stations, 
three  new  stations,  which  supply  only  white  X-ray 
photons  (BL-4X  were  made  available  in  May,  1983. 
Performance  tests  of  some  newtybuilr  monochroma- 
ton  were  also  carried  out  in  FY  1983.  These  include, 
I)  a  monochromator  designed  to  achieve  a  very  high 
resolution  in  the  VUV  region  (BL-12B),  2)  two  kinds 
of  m  on  ochrometer  which  cover  a  wide  soft  X-ray  en- 
ergy region,  one  with  a  grating  (BL-12C)  and  another 
with  crystals  (BL-1 IB),  3)  ■  monochromator  to  obtain 
a  point-focused  beam  with  high  photon  flux  (BL-11C), 
4)  two  double  crystal  monochromators  for  hard  X- 
rays  (BL-4C  and  BL14A)  They  were  almost  ready  for 
use  by  the  end  of  FY  1983. 

Successful  operation  of  the  vertical  wiggler  with 
high  current  and  reasonable  lifetime  enabled  us  to'use 
intense  hard  x-ray  photons.  The  wiggler  beam  line 
(BL-14),  with  three  branch  stations,  was  constructed 
and  several  preliminary  experiments,  such  as  X-ray 
imaging  for  diagnosis  (X-ray  angiography),  diffraction 
topography  of  GaAs  crystals,  and  so  on,  were  per- 
formed at  these  stations. 

In  FY  1983,  the  Photon  Factory  Program  Advisory 
Committee  approved  103  proposals  from  users  associ- 
ated with  universities  and  national  institutes  The 
number  of  registered  users  in  FY  1983  was  704.  which 
is  almost  double  that  of  the  last  fiscal  year  1356 


hum  plate  attached  to  a  water  cooled  copper  holder  is 
placed  in  front  of  the  window  assembly. 


hours  were  available  in  FY  1983  for  users'  exper- 
iments which  are  reported  in  the  following  sections. 


Davolopnant  of  Baam  Unas  and  Exper- 
imental Stations 

1*  X-ray  beaai  Uses 

Installation  and  alignment  of  beam  line  compe- 
tent* for  BL-4  were  made  in  April  and  May,  1983 
This  beam  line  is  divided  into  three  branch-lines,  each 
intended  initially  as  white  X-ray  stations,  Approxi. 
mately  15  experiments  were  carried  out  on  these  white 
beam  stations. 

A  new  monochromator  was  designed  and  built  for 
BL-*C  by  March  1984.  This  monochromator  will 
have  a  bent  second  crystal  which  sagittally  focuses  the 
beam  horizontally. 

Fundamental  components  of  the  vertical  wiggier 
beam  line  had  been  installed  and  aligned  by  the  end 
of  October,  1983.  The  X-ray  beam  from  the  vertr^l 
wigeler  was  led  into  this  beam  line  for  the  first  time  in 
December,  1983.  An  X-ray  beam  having  9  mrad  verti- 
cal divergence  is  extracted  from  this  beam  line.  This 
beam  line  »  divided  into  three  branch  lines. 

BL-14A  is  equipped  with  a  double  crystal  monoch- 
romator. followed  by  a  bent  cylindrical  mirror.  This 
monochromator  has  three  independent  motions,  i  c.,  • 
rotation  of  the  first  crystal  and  a  rotation  and  trans- 
lation of  the  second  crystal.  These  three  motions  are 
synchronously  controlled  by  a  computer  so  that  the 
monochroma  Uzed  beam  position  is  kept  constant 
while  the  wavelength  of  the  beam  is  scanned.  The  sep- 
aration between  the  incident  beam  and  the  succes- 
sively reflected  beam  is  designed  to  be  45  cm,  in  order 
to  have  enough  space  for  installing  a  four-circle  dif- 
fracrometer  in  the  experimental  hutch  at  the  end  of 
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this  breach  line  The  four-circle  diffrmctometcr  will  be 
used  mainly  Tor  protein  crystallography 

For  BL-14B,  a  double-crystal  monochromator  is 
being  designed  This  branch  line  will  be  used  for  pre- 
cmon  diffraction  experiments,  such  as  standing -wave 
experiments  and  measurement  of  magnetic  scattering. 

BL-14C  !$  used  mainly  for  ex  pen  meets  of  topogra- 
phy and  X-ray  angiography. 

2.  VUV  tad  soft  X-ray  fceaa  Uses 

Installation  of  a  665  m  off  plane  Eagle  type  nor- 
mil  incidence  monochromator  (BL-12B)  was  com- 
pleted at  the  end  of  FY  1982  This  was  designed  to 
achieve  the  highest  possible  resolution  for  the  VUV 
region  (8  eV  -  30  eV)  and  is  composed  of  a  predis- 
persion  system  and  an  off-plaue  Eagle  mount  main 
monochromator.  Optica)  and  mechanical  adjustments 
and  several  preliminary  absorption  measurements  of 
simple  gases  were  performed  during  FY  1983  Special 
care  was  taken  to  reduce  the  vibration  and  temper- 
ature changes  during  the  measurement  After  a  strug- 
gle of  adju'tments,  we  obtained  almost  satisfactory 
absorption  spectrum  of  Oj  gas.  Figure  21  shows  the 
absorption  spectrum  of  the  02  Schuraan-Runge  band 
near  1800  A,  photographed  on  an  SWR  plate.  It  is 
found  through  this  spectrum  that  the  resolving  power 
is  almost  200  000,  which  is  comparable  with  the  high* 
est  previous  value  in  the  world. 


pfcrt*frapfcrf  UtVtkW  ortm  wkfc  *  VOPE. 


Two  kinds  of  monochromator,  which  cover  over  a 
wide  energy  range  in  the  soft  X-ray  region,  were  in- 
stalled at  the  end  of  FY  1982,  and  performance  tests 
of  these  monochromators  were  earned  out  dunng  ma- 
chine time  in  FY  I9S3. 

One  is  a  10  m  Rowland  circle  grazing  incidence 
monochromator  (8L-12Q.  and  another  is  a  UHV 
compatible  double  crystal  monochromator  (BL-11B) 


The  former  was  designed  to  provide  high-resolution 
monochromatic  photons  !0  the  soft  X-ray  range  from 
500  eV  to  2000  eV.  The  resolution  obtained  was  abo«t 
0  004  A  using  a  2400  C/mra  grating  with  a  slit  width 
of  5  n 
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The  latter  instrument  employ*  beryl  (101).  a-quartz 
(10T0)  and  Ge  (1 1 1)  as  monochromatizing  crystals 
they  are  ot'Sttu  interchangeable.  A  pair  of  beryl  crys- 
tals covers  the  photon  enerfy  range  from  800  to  1500 
eV,  while  a-quartz  and  Ge  crystals  cover  from  1450  to 
3500  eV.  and  from  2000  to  4000  eV.  respectively 
Through  measurement  of  rocktng-curve  widths  for 
each  pair  of  crystals  we  found  that  the  spectral  resol- 
ution is  better  than  1  eV  over  the  available  photon  en- 
ergy range 

An  NTT  (Nippon  Telegram  and  Telephone)  Coop- 
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era u on  group  has  earned  out  preliminary  experiments 
Tor  X-ray  lithography  it  their  own  beam  line  (BL-t) 
and  proved  that  synchroTon  radiation  is  •  promising 
light  source  for  fabricating  very  large  scale  integrated 
(VLSI)  circuit*.  A  typical  result  is  shown  in  Fig.  21 

Experimental  Program* 

On  already-existing  and  newly -developed  exper- 
imental station*,  approximately  80  kinds  of  exper- 
iments have  been  carried  out  in  FY  1563.  Most  of 
these  experiment*  would  not  have  been  realized  if  syn- 
chrotron radiation  were  not  available.  Only  a  limited 
Lumber  of  example*  are  described  here: 

1,  Dysws^stract^stBdyWsnatSfltals 

Since  synchrotron  radiation  is  very  intense,  the 
time  required  for  data  collection  can  be  shortened  by 
many  orders  of  magnitude,  if  an  appropriate  -**ta  col- 
lecting system  is  available.  This  opens  up  the  possibil- 
ity of  tune-resolved  or  dynamic  study  of  structural  or 
chemical  changes  in  materials  upon  some  excitation  or 
stimulation  of  the  sample. 

(a)  Tlme-rtjoked  small  angle  X-ray  diffraction  exper- 
iments from  musek 

During  the  contraction  of  muscle,  the  periodic 
structure  of  fibers  constituting  the  muscle  changes 
with  time.  By  observing  the  time  dependence  of  a 
small  angle  X-ray  diffraction  pattern  from  this  peri- 
odic structure,  we  can  understand  the  molecular  me- 
chanism of  muscle  contraction.  Such  time-resolved 
measurements  have  been  done,  to  a  some  extent,  with 
high  brightness  rota  ting-anode  X-ray  sources. 

Recently,  in  order  to  obtain  a  better  understanding 
of  the  mrrhimirn  of  muscle  contraction,  a  more  de- 
tailed time-resolved  study  of  weaker  reflections  was 
proposed.  However,  for  these  weak  reflections,  tune- 
resolved  observations  bad  been  impossible.  A  group 
from  Osaka  Univ.,  Teikyo  Univ.  and  the  Photon  Fac- 
tory succeeded  in  making  time-resolved  measurement 
of  such  a  weak  reflection  using  the  Small  Angle  X- 
Ray  Scattenng  instrument  on  BL-15A.  They  observed 
meridional  reflections  from  thin  filaments  of  frog  mus- 
cle, which  arc  one  order  of  magnitude  weaker  than 
those  from  thick  filaments  (Fig.  23).  This  small  angle 
scattering  instrument  can  of  course  be  used  for  mate- 
rials studies  also,  and  several  group*  have  made  stu- 
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(b)  Dynamic  objuration  of  chemical  reactions  by  X- 
ray  absorption  spectroscopy 
In  a  conventional  method  of  measuring  the  X-tay 
absorption  spectrum,  each  data  point  is  taken  succes- 
sively in  a  point-by-potnt  mode  by  changing  the  en- 
ergy of  the  X-rty  beam.  Hence,  the  data  collection 
ur~e  is  usually  20  •  30  minutes,  even  with  synchrotron 
radiation.  Most  has  therefore  been  limited  to  static 
samples.  In  an  energy  dispersive  mode,  where  conver- 
gent X-ray  beams  have  a  one-to-one  correspondence 
between  energy  and  the  converging  angle  of  each 
beam,  the  entire  spectrum  can  be  taken  simultane- 
ously in  less  than  0.1  seconds.  A  group  from  the.  Pho- 
ton Factory,  the  Ecctro  technical  Laboratory,  and 
Jichi  Medical  School  has  recently  made  dynamic  ob- 
servation of  the  reaction  of  two  aqueous  solution* 
mixed  using  a  stopped-flow  method.  They  mixed  sol- 
utions of  Fe(NOj)j  with  Na2  Sj  0„  and  observed  the 
time-dependent  shift  of  the  Fe  K  absorption  edge  due 
to  the  transition  from  Fe1*  to  Fe3*,  as  shown  in  Fig. 
24.  Such  a  method  can  be  applied  to  various  dynamic 
systems. 

2.  Srnctaral  study  wader  high  iitaswu  aad  high  tem- 
pera tare 

A  Lige  group  of  high  pressure  physicists  con- 
structed a  diffractometer  which  is  capable  of  perfum- 
ing difTraction  experiments  under  high  pressure  (up  to 
200  Kbar)  and  high  temperature  (up  to  JJOO'C),  in 
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to  60,000  atmospheric  pressures,  then  the  temperature 
was  slowly  elevated.  At  about  1450*C,  the  intensity  of 
diftracuon  peaks  for  graphite  suddenly  decreased  and 
new  peaks  corresponding  to  the  formation  of  diamond 
appeared  It  was  also  found  that  peaks  due  t  •  the  for* 
mation  of  Fej  C  were  found.  Even  though  this  study 
is  in  its  early  phase,  such  in-situ  observation  were 
made  for  the  first  time. 


the  energy  dispersive  mode.  Because  the  sample  cell 
has  to  be  relatively  thick  and  strong  to  keep  the  sam- 
ple under  such  high  pressure  and  high  temperature, 
the  X-ray  diffraction  experiment  has  been  rclauvcly 
difficult  owing  to  the  absorption  of  X-rays  by  the 
sample  cell  materials  With  intense  synchrotron  radi- 
ation, however,  such  measurements  became  much  eas- 
ier, and  new  categories  of  experiments  have  been 
started  Approximately  10  subjects  were  studied  using 
this  high  pressure  high  temperature  instrument  An 
example  is  the  tn-situ  observation  of  the  transition 
from  graphite  to  diamond,  as  shown  in  Fig  25 
In  this  experiment  first,  the  pressure  was  raised  up 


X  Detection  of  iaaparity  atom  »f  pp*  •rtfer 

X-ray  fluorescence  analysis  has  long  been  used  as  a 
no  n-de*  tractive  method  of  element  analysis  The  sen- 
sitivity has  been  relatively,  however,  compared  with 
other  destructive  methods,  such  as  atomic  absorption 
spectroscopy  and  neutron  activation  analysis.  How- 
ever, with  use  of  synchrotron  radiation,  several  orders 
of  magnitude  improvement  has  been  attained  in  the 
dctccuon  Urait  of  the  fluorescence  method.  Now,  at 
the  Photon  Factory,  a  detecuon  limit  of  ppb  order  in 
a  relative  scale  or  several  ptco  grams  in  an  absolute 
scale  has  been  attained  In  order  to  obtain  such  a  high 
sensiUvity.  special  care  was  taken  to  reduce  the  back* 
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ground  The  sample  is  supported  cm  an  optically- flit 
substrate,  by  which  the  external  total  reflection  of  the 
incident  X-ray  beam  occurs.  With  such  an  arrange- 
ment, the  background  intensity  is  reduced  by  a  few 
orders  of  magnitudes  compared  with  the  conventional 
arrangement  where  the  incident  beam  is  incident  on 
the  sample  at  an  angle  of  about  45*. 

The  types  of  samples  studied  hitherto  were  rather 
diverse:  metal  impurities  in  an  S*02  insulating  film  on 
a  silicon  wafer,  implanted  ions  in  a  silicon  wafer,  me- 
tal elements  in  human  hair,  metal  impurities  in  water, 
metal  elements  in  a  rat-organs. 

4.  X-ray  Hfgsylfc  Mm  afctcmd—  af  crystals** 
fcttrfsee  •(  CaMha  ArssctUt  sfc«fe  crystal 

Gallium  arsenide  is  expected  to  be  a  next  gener- 
ation material  for  semiconductor  industry  because  of 
its  large  electron  mobility,  so  that  production  of  very 
perfect  crystal  is  anticipated.  For  growing  good  crys- 
tals, understanding  of  defect  creation  at  the  crystal- 
mdt  interlace  is  very  important.  With  X-ray 
topographic  method  utilizing  X-ray  sensitive  TV-cam- 
era,  bi-atti  observation  of  creation  of  defects  at  the 
crystal-melt  interface  was  made  on  BL-I5B.  Figure  26 
*hows  topographic  images  of  a  GsAs  crystal  at  room 
temperature,  I245*C  and  1260*C.  It  is  known  that 
perfection  of  GaA*  crystal  depens  on  the  As- pressure 
during  crystal  growth,  fn-situ  X-ray  topographic 
method  will  be  very  useful  for  getting  further  under- 
standrng  of  the  mechanism  of  growth  of  perfect  crys- 
tal. 

5.  Medical  j 
X-radsatfM 

A  development  program  has  been  initiated  during 
FY  1983  to  develop  medical  imaging  techniques  using 
monochromatic  synchrotron  radiation.  Monochro- 
matic radiation  is  useJVi  in  enhancing  the  contrast  of 
images  formed  by  Mood  vessels  and  organs  into  which 
contrast  material  (Iodine)  is  introduced.  By  obtaining 
two  images,  with  X-ray  energies  bdow  and  above  the 
K -absorption  edge  of  Iodine,  and  by  subtracting  one 
image  from  the  other,  unwanted  images  by  the  rest  of 
the  body,  such  as  bones,  can  be  diminauL  Figure  27 
tbows  X-ray  pictures  of  rat  kidney  and  b»ood  vessel 
into  which  Iodine  is  injected.  It  is  clearly  seen  that  the 
image  of  bone  disappeared  in  the  subtracted  image.  If 
the  present  technique  is  successfully  developed,  the  ne- 
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(a)  80  eV  beW  lodhe  K  edge 


(b)  80 eV  obovt  fedrw  k  edge 


(c)  Subtracted  Image 


Fl(,  27.  X-ray  MMgM  rat  Ufar?  »*4  M<w4  mui  tato  w*k*  IWUr 
b  i*j*ClH  M  t  CMCTMt  «*t«ti*L  t'«*M«W  \m»ttt  kj  kMM 
Mi  «Wr  trgMi  tkMl  tflMpfMff  W  tW  rtktncMi 


cecnty  to  u*  unpleasant  catherters  io  injecting  iodine 
into  heart  it  eliminated.  Thus  the  examination  would 
become  much  easier  and  less  expensive. 

4.  MeaaareaKSrt  of  tfce  nan  of  the  electros  aeocriaa 

It  has  been  an  earnest  desire  of  physicists  to  deter* 
mine  an  accurate  value  of  the  electron  neutrino  mass, 
m^  A  joint  group,  consisting  of  members  from  the 
Physics  Department  and  Photon  Factory  of  KEK. 
Tohoku  Univ.  and  5  other  universities  have  chal- 
lenged this  problem  by  studying  the  electron  capture 
in'wHo.  In  determination  of  both  and  Q  value  si- 
multaneously, it  is  essential  to  measure  the  exciting 
photon  energy  dependence  of  tbe  M*,j  fluorescence 
yields  of  Dysprosium. 

Such  an  experiment  was  performed  using  moooch* 
romatized  soft  X-rays  at  the  undulator  beam  line 
(BL-2).  The  resulting  values  of  mye  and  Q  are  245  ± 
500  eV  and  2,56  ±  0.27  keV.  respectively. 

7.  A  took  Hi  line  of  the  laterface  between  attcosi  mi 
sskkdaQkUe 

In  this  example,  the  usefulness  of  the  sun  ding  wave 
formed  near  the  surfuc  of  a  perfect  crystal  upon 
Bragg  reflection  is  shown.  Determination  of  the 
atomic  structure  of  the  interface  between  two  crystal- 
line materials  by  X-ray  techniques  has  been  an  inter* 
esUng  but  rcUuve'y-difficul;  proUem.  With  a  new 
analysis  technique,  called  the  Standing  Wave  Method, 
a  great  technical  improvement  has  been  made.  The 
method  makes  use  of  the  X-ray  standing  wave  formed 
near  the  surface  of  a  perfect  crystal  upon  Bragg 
reflection.  The  period  of  the  standing  wave  along  the 
normal  to  the  diffracting  lattice  plane  is  equal  to  that 
of  the  lattice  plane,  Tbe  phase  of  the  standing  wave 
can  be  varied  from  0  to  x  by  changing  the  deviation 
angle  of  the  incident  X-ray  beam,  so  that  the 
fluorescence  yield  from  an  atomic  element  of  interest 
becomes  a  max  mum  when  the  anti-node  of  the  stand* 
ing  wave  coincides  with  the  position  of  the  element. 
By  measuring  the  angle  dependence  of  such  a 
fluorescence  yield  and  by  comparing  the  experimental 
curve  with  calculated  ones  based  on  model  structures 
of  the  interface,  we  can  determine  the  atomic  struc- 
ture of  the  interface  Figure  28  shows  the  fluorescence 
yield  from  nickel  in  nickel  nlicide  on  a  silicon  single 
crystal  substrate.  Curves  "I"  and  "II"  are  derived 
from  two  model  structures  "I"  and  "II"  for  tbe  inter- 
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Tacc  At  can  be  seen  ta  the  figure,  the  agreement  be- 
tween the  experimental  carve  and  curve  "I"  ts  very 
satisfactory,  resulting  in  the  conclusion  (hat  the  mode! 
structure  "P  is  a  realisac  structure. 

L  EkcoWc  ttrvcirarfaKtsiTaawn 

In  general,  electronic  structures  of  atoms  in  the  gas 
phase  arc  entirely  different  from  thoae  in  the  solx)  me- 
tal phase.  We  enveloped  a  special  furnace  to  proctucc 
metal  vapors,  and  measured  absorption  spectra  of  Cs 
and  Ba  as  well  as  Xe  around  3d  threshold,  using  the 
Grasshopper  monochromator  The  broad  3d  -  c  ab- 
sorption bands  of  Xe  change  into  sharp  3d  -  4,5  ab- 


sorption lines  for  atomic  Ba  (see  Fig.  29},  dearly 
manifesting  the  collapse  of  the  f-symmetric  final -rute 
wave  function  for  3d  cxated  Ba. 

Relative  photoiomzation  cross  section  of  Ca 
around  the  3p  threshold  was  also  measured  at  the 
Seyn-Namioka  station  (BL-I2A)  by  use  of  the  same 
furnace.  Comparison  with  the  photoabsorptioa  data 
shows  a  good  correspondence  is  the  peak  structure 
between  the  absorption  reson/>,*  -*d  the  Ca5*  yield 
for  photon  energies  above  k  -ist  3p  ionization 
limit  This  indicates  an  eel         it  of  double  phc- 

totonizauon  by  two-step  tatAf  ,aoa  rneduted  via 

Ca*  3p  hole  su ics. 


•tefk  crywal  twMrn  <i>  mi  t«*  w*Ud  Mraclwt*  U 
fcwrtact  (U  CtkWMH  nm  U-i  m  tW  mmtl  (T)  • 
— ■  W^UWtlSWtWM. 


780   790   800  810 
Photon  energy  (eV  ) 

Fit.»  txphmmd  saaarpnaa  a—  wain  (Ml  cum)  af  asaaat 
X«.  a  *m  •»  «t  aw  31  aVMWti  Far  it.  Mrisi  «f  cakB- 
tackw  h  aw  wMSKStaa  HF  tnmhudw  <*•**•  carw) 
•m  k  <w  pwM  irx£  awmswjatea  (aaa*  ««) 


136 


ERIC 


480 


476 


Appendices 


477 


Members  of  Committees 


APPENDIX  A 


*  Chairman 
Vice-Chairman 


Board  of  Councilors 

EBASH1.  Setsuro  (Professor,  Institute  for  Physiological  Sciences,  Pharmacology) 

ESAKI,  Reona  (Director,  IBM  Japan.  Ltd.,  Physics)  (83.10-) 

FUKUI.  Keuichi  (President,  Kyoto  University  of  Industrial  Arts  and  Textile  Fibers,  Chemical  En- 

gineering) (83  10-) 

HIRASHIM  A,  Masaki  (President,  The  University  of  Electro  Communications,  Electrical  Engineering) 

(83.10—) 

HUSIMi.  Kodi  (Emeritus  Professor,  Nagoya  University,  Osaka  University.  Physics)  (-83.6) 

KINOSHITA,  Koreo  (President,  Gakushuin  University,  Physics)  (83.10—) 

KITAGAKI,  Toshio"  (Professor,  Tohoku  University,  Physics) 

KUBO,  Ryogo  (Professor,  Keio  Gtjuku  University,  Physics) 

MAKI,  Ziro  (Director,  Research  Institute  for  Fundamental  Physics,  Kyoto  University,  Phys- 

iuj 

MIYAKE,  Saburo  (Director,  Cosmic  Ray  Laboratory,  University  of  Tokyo,  Physics) 

MUKAIBO,  Tskashi*  (Acting  Chairman,  Atomic  Energy  Commission,  Chemical  Engineering) 

NAKAJIMA,  Sadao  (Professor,  Tokai  University,  Physics) 

NISHIJIMA,  Kazuhiko  (Professor,  University  of  Tokyo,  Physics)  (83.10-) 

SIMIZU,  Tsukasa  (President,  Waseda  University,  Electronic  Engineering)  ( -83.10) 

SUGIMOTO,  Kenzo  (Director,  Institute  for  Nuclear  Study,  University  of  Tokyo,  Physics)  (-83  10) 

SUWA.  Shigeki  (Professor,  University  of  Tsukuba.  Physics) 

TSUCHIDA.  Naoshigc  (President,  National  Museum  of  Japanese  History.  Japanese  History)  (83  10- ) 

YAMAGUCHI,  Yoshio  (Director.  Institute  for  Nuclear  Study,  University  of  Tokyo,  Physics) 

YAMAMURA,  Yuichi  (President,  Osaka  University,  Medical  Sicence) 

Advisory  Council  for  Scientific  Policy  and  Management 


FUJII.  Tadao 
HIRABAYASHi.  Hiromi 
IKEGAMI.  Hidetsugu 
KAMEI.  Tohru 
KATOH,  Kazuaki 
KATO.  Sadayuki 
KIKUCHI.  Ken* 
KIMURA.  Yushitaka 
KOJIMA,  Yuzo 
MASUKAWA,  Toshihide 
MORI.  Shigeki 
MIYAKE,  Kozo 
NAGASHIMA.  Yonkiyo 
NIU.  Kiyoshi 
OZAKLSatoshi 
SUGAWARA,  Hirotaka 


(University  of  Tokyo) 

(KEK,  Director  of  Expenmentai  Planning  &  Program  Coordination) 
(Osaka  University) 

(KEK,  Director  of  Accelerator  Department) 

(KEK,  Enginecnng  Research  &■  Scientific  Support  Department) 

(Institute  for  Nuclear  Study,  University  of  Tokyo) 

(KEK,  General  Research  Coordinator) 

(KEK,  Director  of  TRISTAN  Project  Main  Ring  Department) 

(KEK,  Director  of  Engneenng  Research  &  Scientific  Support  Department) 

(Kyoto  University) 

(University  of  Tsukuba) 

(Kyoto  University) 

(Osaka  University) 

(Nagoya  University) 

(KEK.  Chief  Director  of  TRISTAN  Project) 
(KEK,  Director  of  Physics  Department) 


A-l 


ERLC 


482 


51-563  0-86-16 


478 


TAKAHASHI.  Hidechika  (f  .EK.  Engineenng  Research  &  Scientific  Support  Department) 

TAKAHASHI.  Kasule  (KCK.  Director  of  TRISTAN  Project  Colliding  Beam  Detector  Department) 

TAKE  DA.  Gyo#*  (Tohoku  University) 

TANABE.  Kosai  (Saitami  University) 

YAMAZAKI.  Toshi.nitsu  (University  of  Tokyo) 


Photon  Factory  Advisory  Committee 


A  K3  nA  Uinmi 

Anuu.  Misami 

ASAMI.  Akira 

(KEK.  P  F  Injector  Lintc  Department) 

HOSOYA.  Sukeaki 

(Institute  for  Solid  State  Physics.  Umvensty  of  Tokyo) 

HUKE.  Kazuo 

(KEK,  Director  of  P.F  Light  Source  Department) 

IITAKA.  Yoichi 

(University  of  Tokyo) 

INOKUCHI.  Hiroo 

(Institute  for  Molecular  Science) 

ITO.  Takashi 

(University  of  Tokyo) 

KANZAKI.  Hiroshi 

(Institute  for  Solid  State  Physics.  University  of  Tokvc 

KATO.  Nono 

(Nagoya  University) 

KIHARA.  Motohiro 

(KEK.  P.F  Light  Source  Department) 

KURODA.  Haruo" 

(University  of  Tokyo) 

MITSUI.  Toshio 

(Osaka  University) 

NAMIOKA.  Takeshi 

(Tohoku  University) 

SAOAWA.  Takashi 

(Tohoku  University) 

SASAKf.  Taizo* 

(KEK.  Director  of  P.F.  InsinimentaiionDepartment) 

SATO,  himu 

(KEK.  P.F  Injector  Lioac  Department) 

SHIBATA,  Shinbchi 

(KEK.  P.F.  Light  Source  Department) 

TAKEUCHI.  Yoshjo 

(University  of  Tokyo) 

TANA  K  A.  Jiro 

(KEK.  Director  of  P  F  Injector  Linac  Department) 

YAMAKAWA,  Tatsuya 

(KEK.  P.F  Light  Source  Department) 

Committee  for  Booster  Synchrotron  Utilization  Facility 


DOKE.  Tadayoshi 
FUKUMOTO.  Sadayoshi 
ISHIKAWA.  Yoshikazu 
KAMEI.  Tohru 
KATOH.  Kazuab 
MASAIKE.  Akira 
SASAKI.  Hiroshi 
SUWA,  Shigeki 
TANABE,  Kosai* 
YAMAZAKI.  Toshimitsu 
WATANABE.  Noboru 


(Waseda  University) 

(KEK.  Accelerator  Department) 

(Tohoku  University) 

(KEK.  Director  of  Accelerator  Department) 

(KEK.  Engineenng  Research  &  Scientific  Support  Department) 

(KEK,  Physics  Department) 

(KEK.  Director  of  Booster  Synchrotron  Utilization  Facility) 
(University  of  Tsukuba) 
(Saitama  University) 
(University  of  Tokyo) 

(KEK.  Booster  Synchrotron  Utilization  Facility) 


Program  Advisory  Committee 


IWATA.  Seigi 
KOBAYASHI.  Makolo 
KONDO,  Kumtaka 
MIYAKE  Kozo' 
MORI.  Shigeki 
NAGAMIYA.  Mawharu 
NAGASHIMA.  Yonlcivo 
NAGATANl.  Kumo 


(KEK.  TRISTAN  Project  Collid-ng  Beam  Detector  Department)  (83  11  ~) 

(KEK.  Physics  Department)  (-83  10) 

(University  of  Tsukuba)  (83  II-) 

(Kyoto  University) 

(University  of  Tsukuba)  (-83  10) 

(University  of  Tokyo)  ( -  83.10) 

(Osaka  University) 

(Institute  fo  Nuclear  Study.  University  of  Tokyo) 


A-2 


483 


479 


SUGAWARA.  Hirotaka  (KEK.  Director  of  Physics  Department) 

TOZUKA.  Yoji  (University  of  Tokyo) 

YAMAGUCHI.  Yoshio  (Director  of  Institute  for  Nuclear  Physics.  University  of  Tokyo)  (~S3  10) 

YAMAZAK1.  Toshimitsu  (University  of  Tokyo)  (83  II**) 

YUKAWA.  Tetsuyuki  (KEK.  Physics  Departmen)  (83  II  - ) 


TRISTAN  Physics  Program  Advisory  Committee 

FUJII.  Tadao  (University  of  Tokyo) 

K1TAGAK1.  Toshio  (Tohoku  University) 

ORITO.  Shuji  (University  of  Tokyo) 

OZAK1.  Satoshi*  (KEK.  Chief  Director  of  TRISTAN  Project) 

SCHWITTERS.  Roy  (Harvard  University) 

StiDING.  Paul  (DESY) 

SUGAWARA.  Hirotaka  (KEK.  Director  of  Physics  Department) 

TAKAHASHI.  Kasuke  (KEK.  Director  of  TRISTAN  Project  Colliding  Beam  Detector  Department) 

YAMAGUCHI.  Yoshio  (Director.  Institute  for  Nuclear  Study.  University  of  Tokyo) 


CHIKAWA.  Jun-ichj 
HOSHINO.  Sadao 
HUKE.  Kazuo 
IITAKA.  Yoichi 
iSHIl.Takehiko 
KASUYA.  Tadao 
KURODA.  Haruo 
KATO.  Nono 
NAKAMURA.  Masatoshi 
OKA  DA.  Shigefumi 
OOSAWA.  Fumio 
SA3AKI.  Taizo* 
TANAKA  Ikuzo 
TANAKA.  Jiro 
TOYOZAWA.  Yutaka 


Photon  Factory  Program  Advisory  Committee 

(NHK.  Broadcasung  Science  Research  Laboratories) 

(Insiuuu  for  Solid  State  Physics.  University  of  Tokyo) 

(KEK.  Director  of  P  F  Light  Source  Department) 

(University  of  Tokyo) 

(University  ofTsukuba) 

(Tohoku  University) 

(University  of  Tokyo) 

(Nagoya  University) 

(University  of  Tsukuba) 

(University  of  Tokyo) 

(Osaka  University) 

(KEK.  Director  of  P  F  Instrumentation  Department) 
(T^yo  Institute  of  Technology) 
(KEK.  Director  of  P  F  Injector  Linac  Department) 
(Institute  for  Solid  State  Physics.  University  of  Tokyo) 


Deliberative  Committee  on  Radiation  Safety 


AKISADA.  Masayoshj 
AOITA.  Kuniyuki 
AS  AM  I,  Akira 
DOKE.  Tadayoshi 
FUKUMOTO.  Sadayoshi 
HAM  ADA.  Tatsuji 
HI  RA  BAY  ASH!.  Hiromi 
IKEDA.  Nagao 
KAN  DA.  Yukio 
KATOH.  Kazuaki 
KINOSHITA.  Mutsumi 
KOJIMA  Yuzo* 
KONDO  Kenjiro 
KONDO  Motowo 
MORI.  Yasuhiro 


(University  of  Tsukuba) 

(KEK,  Plant  Engineering  Department) 

(KEK.  P.F.  Injector  Linac  Department) 

(Waseda  University) 

(KEK.  Accelerator  Department) 

(Japan  Radioisotope  Association) 

(KEK.  Director  of  Expenmental  Planning  &  Program  Coordination) 

(University  of  Tsukuba) 

(KEK.  Radiation  &  Safety  Control) 

(KEK.  Radiation  &  Safety  Control) 

(Power  Reactor  and  Nuclear  Fuel  Development  Corporation) 

(KEK.  Director  of  Engineenng  Research  &  Scientific  Support  Department) 

(KEK.  Radiation  &  Safety  Control) 

(KEK.  Accelerator  Department) 

(KEK.  Administration  Department) 


A3 


ERLC 


484 


480 


MURATA,  Yojiro  (Institute  for  Nuclear  Study,  University  of  Tokyo) 
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KEK  Colloquia 


APPlMDIX  b 


Laboratory  Colloquia 

WU.C.S.  (Columbia  Univ.) 

An  expenmental  review  on  ihe  double  beta  decay 
OZAKI.  Satoshi  (KEK) 

Review  on  TRISTAN  and  high  energy  accelerators  in  the  world 
RUBBIA.  Carlo  (CERN) 

On  ihe  production  of  W*  and  Z°  bosons  in  the  UA1  experiment  at  CERN  SPS 
OZAKI,  Si,oshi  (KEK) 

Report*  on  1 983  International  Symposium  on  Lepton  and  Photon  Interactions 

at  High  Energies 
KAMEI.T„hni  (KEK) 

Report  on  the  12th  International  Conference  on  High-Energy  Accelerators 
KIKUCHI.  ken  (KEK) 

Tnp  report  to  high  ercrgy  laboratories  in  the  U.S  (SLAC,  LBL.  FNAL  and  BNL) 
ARAL  Terutaka  (KEK) 

Tnp  report  to  high  energy  labor* tones  in  the  U  S 


April  7,  1983 
April  22.  1983 
June  18.  1983 
Septcnber  28.  1983 

September  28,  1983 
February  3. 1984 
February  3.  1984 


M  acting* 

ACCELERATOR  DEPARTMENT 

5th  MeeUng  on  Ultrahigh  Vacuum  Techniques  for  Accelerators  and  Storage  Rings 
PHYSICS  DEPARTMENT 

8th  Workshop  on  the  Mass  of  the  Electron  Neutrino 

Grand  Unified  Theory  and  Cosmology 

9th  Workshop  on  the  Mass  of  the  Electron  Neutrino 

Workshop  on  Hyper  Nuclear  Physio  at  r<EK*PS 

Physics  on  Fancy  Spectrometer 

Future  High  Energy  Accelerators  and  Physics 

BOOSTER  SYNCHROTRON  UTILIZATION  FACILITY 

Annual  Meeting  on  Neutron  Scattering  at  KEK 
Meeting  on  BSF  Future  Prospects  -  III 

PHOTON  FACTORY 

1st  Photon  Factory  Symposium 


March  26-27.  1984 


September  7.  1983 
December  7- 10. 1983 
January  19.  1984 
January  21-23,  1984 
February  27-29.  1984 
March  27-30.  1984 


March  1-3.  1984 
March  1-3.  1984 


November  4-5,  1984 
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List  of  Publications 


KEK  Publication* 


Annual  Report 

KEK  Annual  Report  1982  (Apnl.  1.  1982  • 
March  31.  1983) 

KFK  Progress  Report  83-  I 

Photon  Factory  Acuvity  Report.  1982/1983 

KEK  83-  1  A 

Ikegamt.  K..  Mon.  Y  .  Takagi.  A  and  Fuku- 
moto,  S  Charactenstics  of  6  5  GHz  ECR  ion 
source  for  polarized  H "  ion  source  (in  Japa- 
nese) 

KEK  83-  2  P 

Meeting  on  Synchrotron  Radiation  X-ray  Scat- 
tering Study  of  Nonequihbnum  Systems  Pro- 
ceedings, ed  by  Y  Fujn  and  T  Matsushita  (in 
Japanese) 

KEK  83-  3  A/P 

Yamazalu.  Y..  Kobayakawa.  H  .  Kamiya,  Y 
and  Kihara.  M.  A  transverse  coupled  bunch  in- 
stability observed  in  the  KEK-PF  electron  stor- 
age nng 

KEK  S3-  4  TRISTAN(I/E) 

Report  of  Meeting  on  New  Detectors  for  High 
Energy  Physics,  KEK.  Tsukuba.  Japan.  Decem- 
ber 2-4,  1982'  ed  by  H  Juasaki.  and  T  Sumi- 
yoshi 

KEK  83- 5  A/P 

Kihara.  M  .  Kamiya.  Y  .  Kobayakawa.  H  .  Ya- 
mazaki,  Y  .  Kobayashi.  M  .  Kttamura.  H  .  Shi- 
bata,  S .  Kajiura.  N  .  Katsura.  T  .  Pak.  C  O  . 
Sato.  S  ,  Kotde.  T  .  Kanaya.  N  .  Yamakawa.  T  . 
Araki,  A  .  Tokumoto.  S  .  Takiyama.  Y  .  Igara- 
sht.  T ,  Mishina,  A.,  Shioya.  T  and  Huke.  K 
Results  on  accelerator  studies  of  the  Photon 
Factory  Storage  Ring  -  Phenomenological  re- 
view — 

KEK  8.<-  6  l/T/E 

Workshop  on  Hyper  Nuclear  Physics.  KEK. 
November  25-27,  1982  Proceedings,  ed  b>  T 
Yukawa  On  Japaneve) 

KEK      7  A  P 

Yamazaki  Y.  Kobayakawa.  H  Kamtya,  Y 
ard  Kthara   M    A  longitudinal  coupled  bunch 


oscillation  observed  in  the  KEK-PF  electron  sto- 
rage nng 

KEK  83-8  A/P 

Kobayakawa.  H  .  Yamazaki,  Y.  and  Kamiya. 
Y.'  Measurement  of  damping  time  and  fre- 
quency of  coherent  synchrotron  oscillation  in  PF 
storage  nng 

KEK  83-  9  A/P 

Kobayakawa.  H.  and  Yamazaki.  Y.:  The  tuner 
control  system  for  the  PF  cavity 

KEK  83-10  E 

Bruyant.  F.  Off-line  software  for  larje  exper- 
imental setups. 

KEK  83-11  TRISTAN(E) 

Tominaka.  T .  Taka-aki.  M  ,  Wake.  M.  et  al.: 
Quench  simulation  u  the  thin  superconducting 
solenoid. 

KEK  83-12  T/E 

Workshop  on  "Monopoles  and  Proton  Decay", 
Kamioka.  Japan,  October  18-20.  1982.  Pro- 
ceedings, ed  by  J  Arafune  and  H  Sugawara 

KEK  83-13  T 

Workshop  on  Grand  Unified  Theones  and  Early 
Universe.  KEK.  Tsukuba.  Japan.  January  25-27. 
1983:  Proceedings,  ed  by  M-  Fukugila  and  M 
Yoshi  mure 

KEK  83-14  A/i 

Ishu.  K  .  Digital  dtlay  CAMAC  module  with 
550  MHz  preset  counter  (TD-2) 

KEK  83-15  E 

7th  Workshop  on  the  Mais  of  the  Electron  Neu- 
tnno  Proceedings,  ed  by  S  Yasumi  (in  Japa- 
nese) 

KEK  83-16  A/P 

Kamiya.  Y  and  Kihara.  M  On  the  design 
guideline  for  the  low  emtttance  synchrotron  radi- 
ation source 

KEK  83-17  A/P 

Yamazaki.  Y .  Kihara.  M  and  Kobayakawa. 
H  Partially  filled  multi-bunched  mode  opera- 
tion of  the  Photon  Factory  electron  storage  nng 
and  cure  of  the  vertical  instability. 

KEK  83-18  TRISTAN(A) 

Grobner  O  .  Momove,  T  ,  Miiuno.  H  ,  Kobaya- 
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shi.  M .  Kanazawa.  K  ,  Honkoshi.  G  .  Nam- 
shima,  K  and  Ishimaru.  H  Gas  desorption 
and  photo-electron  production  from  aluminum 
exposed  to  synchrotron  radiation. 

KEK  83-19  A 

Chin.  Y,*  The  wake  field  acceleration  using  a 
cavity  of  elliptical  cross  section,  part  !  WELL 
(A  computer  code  for  wake  fields  in  a  cavity  of 
elliptical  cross  section) 

KEK  83-20  TR.STAN(A) 

Higo,  TV  Calculation  of  the  TEo  mode  by  the 
extended  version  of  SUPERFISH 

KEK.  83-21  A 

Symposium  on  Ion  Source  in  Accelerators. 
KEK.  Tsukuba.  Japan,  March  15-16.  1983.  Pro- 
cced'ngs,  cd  by  S  Fukumoto  and  Y.  Mon  (in 
Japanese) 

KEK  83-22  P 

Sasaki.  S .  Anomalous  scattering  factors  for  syn- 
chrotron radiation  users,  calculated  using 
Cromer  and  Uberman*s  method. 

KEK  83-23  P 

Effects  of  the  Magnetic  Field  on  the  Structure  of 
Materials  -  with  the  aim  of  SR  X-ray  diffraction 
study  •  Proceedings,  ed  by  T  Nakajima  (in  Ja- 
panese) 

KEK  83-24  E 

9th  Workshop  on  the  Mass  of  the  Electron  Neu- 
trino Proceedings,  ed  by  S  Yasumi  (in  Japa- 
nese) 

KEK  83-25  E 

Yasumi.  S  .  Masaike.  A  .  Yamamoto.  A  ,  Yoshi- 
mura  Y  et  al  Silica  aerogel  Cerenkov  counter 
(in  Japanese) 

KEK  83-26  P 

Plans  for  Use  of  Synchrotron  Radiation  from 
the  TRISTAN  Rings.  -  introductory  material 
and  topics  for  discussion  -.  ed  by  M  Ando  and 
S  Kikuta   (in  Japanese) 

KEK  83-271 

Sato  H  .  Hiramatsu.  S..  Foyama.  T  .  Arakawa. 
D  et  al  The  main  nng  polamcter  at  KEK  12 
GeVPS 

KEK  83  28  A 

Htramatsu.  S  ,  Sato,  H  .  Toyama.  T  .  Arakaua. 
D  .  Ando.  A  .  Mon.  Y  .  Takagt.  A  .  lgarashi.  Z . 
Ikegamu  K  et  a]  The  first  acceleration  test  of 
polarized  Protons  in  KEK  PS 

KEK  83-29  A 

Gluckstern,  R  u  and  Suzuki.  T  Application  of 
theory  of  cumulative  beam  breakup  in  linaik  to 
transverse  instabilities  in  storage  nngs 

KEK  83-30  P 

Oyanagi.  H  Matsushita.  T  et  al  An  CXAf-S 
vpcctrometT  on  beam  line  10B  at  ihe  Photon 
fauorv 


KFK  83-31  TRISTAN(A/T) 

First  TRISTAN  Phase  II  Workshop,  KEK,  Tsu- 
kuba. October  (2-14.  1982.  Proceedings,  ed  by 
H   Hirabayashi  et  al. 

KEK  Internal  83-  I  R 

Kondo.  K..  Ban.  S..  Hirayama,  H  and  Kanda, 
Y~  Estimation  of  the  radioactivity  induced  in 
the  soil  and  groundwater  around  the  TRISTAN 
accelerator  tunnels. 

KEK  h.lernal  83-  2  I 

Meeting  on  Engineering  and  Technology  in  Ba- 
sic Research.  KEK,  Tsukuba.  Japan,  March 
17-18,  1983  Proceedings,  ed  by  H.  Baba  (in 
Japanese) 

KEK  Internal  83-  3  I 

Wada,  T.  et  al :  Mixing  condition  of  CCIF3  for 
streamer  chamber. 

KEK  Internal  83- 4  l/E/B 

KENS  Report-IV:  ed.  by  Y.  Ishikawa,  S  Ikeda, 
et  al. 

KEK  Internal  83-  5  TR1STAN(I/E) 

Ogawa.  K  ,  Ivvai.  M..  Sumtyoshj,  7.,  Takasakj, 
F  e;  al.  Report  on  the  vibratinal  test  of  a  sup- 
porting unit  of  lead  glass  counter  for  the 
VENUS  dele;.,  or.  (in  Japanese) 

KEK  Internal  83- 6  I 

KEK  standard  electronics  parts  list  (3rd  edition), 
ed  by  KEK  Electronics  Shop,  (in  Japanese) 

KEK  Internal  83-  7  B 

Mo  .ing  of  BSF  Future  Prospects  -  II,  KEK, 
Tsukuba.  Japan,  March!  1-12.  1983.  Proceedings, 
ed  by  T  Adachi  and  Y  Masuda  (in  Japanese) 

KEK  Internal  83- 8  R 

Kondo.  K  ,  Satto,  K  .  Ban.  S ,  Hirayama.  H.« 
Hozumi.  K,  Mtura.  S,  Miyajima,  M.  and  Mu- 
ramatsu.  H  Reports  on  administrative  works  at 
the  Radiation  Control  Office  m  1982  (in  Japa- 
nese) 

KEK  Internal  83-  9  TRISTAN(I/E) 

Unno,  Y  ,  Fukushima.  Y  et  al   Vibrational  test 

of  the  lead  plate  modules  for  the  liquid  argon 

counter  (in  Japanese) 
KEK  Internal  83-10  D 

Unno.  Y  Online  retrieval  of  the  SL AC  databse. 

"Preprints  in  High  Energy  Physics  at  KEK"  - 

version  1  0  - 

KEK  Preprint  83-  I  A/P 

Photon  factory  Storage  Ring  Group  (Huke.  K 

et  al )  Photon  Factory.  Status  and  storage  nng 

(IEEE  Trans .  NS-30(1983)  3130) 
KFK  Prepnnt  83-  2  A/I 

Hirabayashi.  H     High  field  supcrconduevng 

magnets  for  particle  accelerators 

(IEEE  Trans  .  NS-30O983)  3304) 


C-2 


ER?C 


4S8 


484 


KEK  Preprint  83-  3  TRISTAN(A) 

Oun,  Y.  and  Satoh.  K  Transverse  mode  coupl- 
ing in  a  bunched  beam 
(IEEE  Tnns .  NS-30(I983)  2566) 

KEK  Preprint  84-  4  TRISTAN(A) 

Inagaki.  S .  Ht  go.  T .  Takata.  K.,  Nakamshi.  H  . 
Noguchi.  S .  Furuya.  T .  Kttagawa.  K„  Ezura, 
E..  Kojima.  Y  and  Takashima.  T .  Development 
of  disk  and  wither  cavity  in  KEK. 
(IEEE  Trans..  NS-30(1983)  3572) 

KEK  Preprint  83-  5  TRISTAN  (A) 

Kubo.  Tadashi.  Fukuma,  H  .  Kibe.  A  and 
Endo.  K  •  Digital  simulation  Tor  TRISTAN  AR 
magnet  power  supply  and  control  system 
(IEEE  Trans  .  NS- 30(1983)  2929) 

KEK  Preprint  83-  6  P 

Katsura.  T..  Nakagawa,  H  and  Shibata.  S 
Beam  position  measurement  in  the  Photon  Fac- 
tory Storage  Ring 
(IEEE  Trans..  NS- 30(1983)  2353) 

KEK  Prepmt  83-  7  TRISTAN(A) 

Endo.  K..  Kubo.  T..  Kabe.  A .  Fukuma.  H  el 
al.:    Software  system  for  the  operatin  of  the 
TftISTAN-AR  power  supply. 
(IEEE  Trans .  NS- 30(1983)  2926) 

KEK  Preprint  83-  8  TRISTAN(A) 

Suzuki.  T..  Chin.  Y .  Satoh.  K„  Takau.  K  and 
Yokoya.  K    Collective  beam  instabilities  caused 
by  RF  cavities  in  TRISTAN. 
(IEEE  Trans..  NS-30(1983)  2563) 

KEK  Prcpnat  83-  9  I 

Kobayashi.  Masaakt  and  Supmoto.  S  Gain 
momtonng  of  big  scale  calorimeters  by  using 
scintillating  light  source 

KEK  Preprint  83-10  I 

Inagaki,  T..  Dot,  Y .  Hirabayashi.  H  ,  Kato.  Y . 
Kawano,  K..  Satoh.  H,  Sugimoto.  S.  laka> 
maisu.  K  .  Takasakt.  E  .  Tsuru.  T.  et  al  Large 
aperture  superconductiu6  magnet  (BE*  3KEI) 
(Cryogenics.  24(1984)  83) 

KEK  Preprint  83-1 1  TRISTAN(A) 

Ntshikawa.  T  and  Honkoshi,  G    Status  of 

KEK  TRISTAN  project 

(IEEE  Trans .  NS-30(1983)  1983) 

KEK  Preprint  83-12  TRISTAN(E) 

Tauchi.  T  Gain  momtonng  system  of  TOPAZ 
calorimeter. 

(Proc   of  Calonmeter  Calibration  Workshop. 
Fermilab.  Apnl  29-30.  1983.  68) 
KEK  Prepnnt  43-13  TRISTAN(A) 

Suzuki.  T  Theory  of  transverse  bunched  beam 
must. lilies  based  on  the  Fokker-Planck 
equation 

KEK  Prepnnt  83-14  TRISTAN(A) 

Chin.  Y  and  Yokoya.  K  Nonlinear  perturba- 
tion approach  to  bunch  lengthening  and  blow-up 


of  energy  spread 
KEK  Prepnnt  83-15  A 

Chin,  Y.:  Analytical  approach  to  the  overshoot 

phenomenon  for  a  coasting  beam 

(Proc.  of  the  I2lh  Int  Conf  on  High-Energy 

Accel ,  Fermilab,  August  11-16,  1983.  363  ) 
KEK  Preprint  83-16  TRISTAN(A) 

Ntshikawa,  T  ■  TRISTAN  and  Beijing  Electron 

Positron  Collider 

(Proc.  of  the  12th  Int.  Conf  on  High-Energy  Ac- 
eel .  Fermilab.  August  1 1-16.  1983  143.) 
KEK  Prepnnt  83-17  E 

Yasumi.  S.,  Ochiai.  F  .  Ando.  M  .  Maezawa.  H.. 
Kjtaraura.  H  ,  Itoh,  K  e:  al.:  Measurement  of 
the  mass  of  the  electron  neutnno  using  electron 
capture  in  u,Ho 

(Proc  of  the  Int.  Europhys  Conf.  on  High  En- 
egy  Phys .  Bnghton,  U  K  ,  July  20-27,  1983 
391  ) 

KEK  Prep.'nl  83-18  A 

Ando  A.,  Emitunoe  distortion  with  sex lu poles 
(Proc  of  the  12th  Int  Conf  on  High-Energy 
Accel ,  Fermilab  August.  11-16.  1983.  354.) 

KEK  Prepnnt  83-19  1 

Kusumegi.  A  and  Yoshimura.  Y.:  Present  status 
of  heavy  liquid  counter  (HELICON) 

KEK  Prepnnt  833  A 

Sasaki,  H.  and  GEMINI  Study  Group  Acceler- 
ator project  GEMINI  for  intense  pulsed  neutron 
and  meson  source  at  KEK. 

KEK  Prepnnt  83-21  TRISTAN(A) 

Ishimaru.  H  All  aluminum  alloy  ultrahigh  vac- 
uum system  for  a  large  scale  electron-positron 
collider 

KEK  Prepnnt  83-22  A/I 

Kurokawa.  S  Optics  of  low-energy  separated 
beams  at  KEK. 

(Proc.  of  Int  Ion  Eng  Congr   ISIAT'83  & 

IPAT83.  Kyoto,  1983.677) 
KEK  Prepnnt  83-23  TRISTAN(A) 

Akiyama.  A..  Ishii.  K..  Kadokura.  E..  Katoh. 

T..  Kikutim.  E.  Kimura.  Y.  Komada.  S. 

Kudo.  K..  Kurokawa.  S .  Oide.  K..  Takeda.  S 

and  Uchino.  K.  Computer  control  system  of 

TRISTAN. 
KEK  Prepnnt  83-24  TRISTAN(A) 

Fukuma.  H  .  Kumagai.  N..  Takeuchi.  Y..  Endo. 

K  et  al  Low  carbon  and  silicon  steel  quadru- 
ple magnets 

(J.  de  Phys  .  45(1984)  CI-301) 
KEK  Prepnnt  83-25  TRISTAN(A) 

Egawa.  K  .  Fukuma.  H..  Kubo.  Tadashi.  Kuma- 
gai. N  ,  Takeuchi.  Y  and  Cndo.K  Performance 
of  the  TP.  I  STAN- A  R  magnet. 
()  de  Phys.  45(1984)  Cl-241) 
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1984  existiert  cas  Deutsche  Elektronen- 
Synchrotron  m  Hamburg  25  Jahre;  das 
gonaue  Grundungsdaturo  ist  der  18.  Dezem- 
bor  1959.  Aus  diosem  AnlaS  veranstaltoto 
DESY  vom  24.  bis  29.  Sept<M»ber  eme  Fest- 
und  Informationswoche.  In  Anwesenheit  des 
Bundespr&aidenten  wurde  sie  rait  emem 
Festakt  emgeleitet;  Persfinlichkeiton  aus 
Politik  und  wissenschaft  feiorten  dieses 
Jubilaum  zusammen  mit  der  DESY-Beleg- 
schaft,  den  Gastwissenschaf tlero  und  vie- 
len  anderen,  die  an  der  Geschichte  DESYs 
mitgewirkt  haben.  Untor  ihnen  waren  auch 
die  vier  Vorsitzenden  doc  DESY-Diro>- te- 
nures der  vergangenen  25  Jahre:  Das  Ti- 
telbild  zoigt  von  links  nach  rcchts 
WiUibald  Jontschke,  Wolfgang  Paul,  Her- 
wig  Schopper  und  Volkor  Soorgol. 


1984  is  the  year  of  the  25th  anniver- 
scry  of  the  Deutsches  Elektronen-Synchro- 
tron  DESY  in  Hamburg;,  the  exact  founding 
day  was  the  18th  December  1959.  On  this 
occasion  DESY  arranged  a  celebration  and 
information  week,  24th  to  29th  September. 
It  was  started  m  the  presence  of  the 
Bundcsprasident.  Personalities  from  poli- 
tics and  science  celebrated  this  anniver- 
sary togrether  wth  the  DESY  staff,  the 
guest  scientists  and  many  others,  who 
contributed  to  the  history  of  DESY,  among 
them  the  four  chairmen  of  the  DESY  Direc- 
torate from  the  past  25  years.  The  cover 
picture  shows  If  torn  left  to  right)  WiUi- 
bald Jentschke,  Wolfgang  Paul,,  Herwig 
Schopper  and  Volker  Soergel. 
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Pee  fc varan  s  tal  tunq 

BegrOfiung  durch 

Prof.  Volker  Soaxgel 

Vbrsitzendar  das  DESY- Direk  tor  inns 


Herr  Bundesprasidant, 

Herr  President  der  BQrgerschaf t, 

Herr  BQrgermeister , 

Exzellenz« 

verehrte  G«fit«, 

liebe  Mitarbeiterinn^n,  liebe  Nitarbeiterl 

Ich  begrQBe  Sie  all©  sehr  herzlich  zu 
unserer  heutigen  Feier,  bei  der  wir  das 
25  3  &h  rig*  Bestehen  von  DBSY  begehen 
wo 11 an.  Vor  25  Jahran,  und  zvar  genau  am 
18.  Dezembar  1959!  wurde  hiar  in  Hamburg, 
im  Rat  hau» ,  dar  Vartrag  zur  Grundung  dar 
Stiftung  "Dautachaa  Elektxone^-Synchro- 
tron"  faiarlich  unterzeichnet .  Stiftar 
war en  die  Bundearepublik  Dautachland  und 
dia  Freie  und  Hanseetadt  Hamburg,  und  sia 
waran  dame  la  vartratan  durch  dan  Bundes- 
rain ister  fOx  Atomanargia  und  Wasser- 
virtschaft,  Siagfriad  Balke,  und  Burger - 
me i iter  Max  Brauar. 

Dieses  fur  DESY  so  wichtiga  Eraignis 
wollen  wir  haute  gememsam  begahen .  Es 
ist  fOr  una  eina  hoha  Ehre  und  eine  groBe 
Freud e,  dafl  wir  Sia,  Herr  Bundesprasi- 
dent,  heuta  bei  una  beg ru  Sen  durfen,  daB 
Sia  gekonmen  eind,  urn  ait  una  dieses 
festliche  Eraignis  zu  begehen  und  zu  uns 
zu  sprechan.  Ich  begruBe  Sia  harzlich  zu 
die sera  Ihrem  ere ten  Da such  bei  DESY,  und 
wir  dank  en  Ihnen  alia  sehr  fur  Ihr 
Koctraen  • 

Mein  beaonderer  Grufl  gilt  Harrn  Prof. 
Panofsky,  dar  hauta  aua  Kalifornien  zu 
uns  gekooaen  ist,  urn  don  Festvortrag  zu 
halten.  Wir  sind  sehr  glQcklich,  Sie  hier 
bei  DESY  heute  wieder  ainmal  begruBen  zu 
kdnnen. 

Im  dbrig-n  bitta  ich  um  Entachuldi- 
gung,  wenn  ich  dia  BegruBung  jetxt  eucraa- 
risch  halta,  woil  wir  atwas  im  Verzug 
sind  mit  dar  Zeit.  Ich  freue  raich,  daB 
viele  unserer  Einladung  gafolgt  sind, 
heute  mit  uns  zu  faiern.  Ich  haiBe  Sia 
alia  harzlich  willkomraen. 

Ich  bitta  nun  dan  Harm  Bundespr&si- 
denten,  zu  uns  zu  sprechenl 
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Welcome  from 

Prof,  Volker  Soergel 

Chairman  of  the  DBSY  Directorate 


Herr  Bundespr&sident, 

Herr  President  der  Burgerschaft, 

Herr  Burgermeister, 

Your  Excellency, 

Honoured  Guests, 

Dear  Colleaguesl 

I  welcome  you  all  to  our  celebration 
of  the  25th  anniversary  of  DBSY  today,  25 
years  ago,  on  the  t8th  December  1959  to 
be  exact,  the  contract  to  found  the  in- 
stitute "DBSY,  Deutsches  Elektronen- 
Synchrotron"  was  ceremonially  signed  in 
the  Hamburg  Rathaus.  The  sponsors  mm: 
the  Federal  Republic  of  Germany  and  the 
Freie  und  Hansestadt  Hamburg,  and  they 
were  represented  on  that  occasion  by  the 
Minister  of  Atomic  Energy  and  hater 
Supply,  Siegfried  Balke,  and  the  Hamburg 
Burgomaster,  Max  Brauer. 

Today  we  want  to  celebrate  together 
this  most  important  occasion  for  DESY.  It 
is  a  great  honour  for  us  end  a  crest 
pleasure  to  welcome  you  here,  Herr  Bun- 
desprasident,  to  celehrace  this  event 
with  us  and  to  address  us.  I  heartily 
welcome  you  to  this,  your  first  visit  to 
DBSY  and  we  all  thank  you  that  you  have 
come. 

A  special  greeting  must  also  go  to 
Prof,  Panofsky,  who  arrived  here  today 
from  California  to  hold  the  celebratory 
lecture,  We  are  very  happy  to  welcome  iou 
here  once  again. 


I  apologize  if  I  stop  my  welcome  now, 
because  we  are  somewhat  behind  with  the 
time,  I  am  very  pleased  that  so  many 
people  have  accepted  our  invitation  to 
celehrate  with  us  today.  You  are  all  very 
welcome. 

Now  I  ask  the  Bundesprasident  to 
address  us. 
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Gruflaneprache  voo 

Bund««pr*«id«nt  Dr.  Richard  v.  Weiza&cker 


Address  from 

BuadespzAoident  Dr.  Richard  v.  w»ixsic*«r 


Herr  Voriitzander , 
Herr  Burgerneieter, 
neine  Daman  und  Herr en  I 

Ich  bin  min  POnktlichkeitef  anatiker . 
Ue  to  hJLrtar  trifft  •■  mich,  dafl  ich, 
obwohl  punktlich  Qber  Hamburg  ang«kom»«n, 
doch  nicht  rechtzaitig  land  en  konnte.  Wir 
aind  45  Minuten  Qber  Hamburg  gekreiat. 
Das  war  echOn  -  abar  Sie  nufiten  waxten, 
und  ich  bitta  Sia  dafQr  vielnala  un 
Entechuldigung.  In  Qbrigen  iat  aa  ja 
irgendwo  auch  a  in  Stuck  auegleichender 
Garachtigkait  odar  innarar  Beruhigung, 
da£  nan  ?ich  anachickt,  in  daa  HerzatQck 
dar  Grundlagenf  orachung  vorzuatoBen,  un 
herauartsf  inden,  waa  dia  Walt  in  innaratan 
zusannenh&lt,  abar  an  •man  klainan 
wattefthnlichen  Nabal  echeitert;,  wenn  nan 
pQnktlich  landan  will. 

DESY  let  wia  inner  seiner  Zait  voraua, 
aa  hat  una  atwaa  varfrOht  zu  aainan  25. 
Gaburtatag  singeladen.  ich  bin  gam  ga- 
kortnen,  nicht  urn  zu  vOrdigen,  was  hiar 
galaiatat  word en  let  und  galaiatat  warden 
wird  -  daa  stent  mir  nicht  -u.  Daa  Prin- 
zip  dar  Arbeitateilung,  daa  Sia  in  dar 
Hochenergiephyaik  kennen,  gibt  ee  auch 
unter  Brudern  -  und  urn  Qber  Ihre  Arbeit 
zu  urteilen,  haben  Sie  den  falechen 
Bruder  gewahlt.  Ich  bin  abar  gekonmen,  un 
mich  zu  informieren,  un  DESV  beeeer 
kennenzulernen  und  un  mich  den  Gedanken 
Qber  den  Rang  der  Grundlagenf orachung  zu 
atellen,  die  mich,  die  una  alle  zutiefat 
atwas  angeht. 

Ea  iat  ja  nicht  uncharakteriatiech  fQr 
die  tief greifenden  geiatigen  Wtr&nderun- 
gen  in  unaarer  Zeit,  daB  der  ttwiech,  den 
nan  etwae  pauschal  und  ungenau  gebildet 
nennt,  weaentliche  Erkenntniaee  dar 
Naturwi a sense haft  heute  nicht  mehr  ohne 
weiterea  in  semen  Fundus ,  in  seine  von 
inn  «elb«t  kritiach  OberprOfbare  Ansaon- 
lung  von  wieeen  und  welts icht  integrieren 
kann.    Er    steht    nicht  mehr    vor  bloBen 


Mr,  Chain* *n, 

Herr  Burgermeister, 

Ladies  And  Gentlemen! 

I  srn  a  punctuality  fanatic,  it  there- 
toru  pains  me  particularly  that  Although 
I  Arrived  punctually  over  Hamburg,  it  was 
not  possible  to  land  on  tine.  Ma  circled 
over  Hamburg  for  45  minutes,  That  was 
very  nice  -  but  you  had  to  wait  -  and  I 
apoi  ogxxe  for  that.  It  seems  to  be 
perheps  poetic  Justice  or  at  least  inner 
reassurance,  that  one  cones  to  penetrate 
into  the  heart  of  basic  research,  tp  find 
out  what  holds  the  world  together,  and  is 
thwarted  by  a  suaii  bit  of  cottonwool- 
like fog  when  one  wants  to  lend  punc- 
tually. 

DSSY  is  always  soaewhat  Ahead  of  Jts 
tine,-  it  has  invited  us  somewhat  too 
eariy  to  its  25th  birthday.  I  am  glad  to 
have  cone,  not  to  appreciate  the  value  of 
what  has  been  and  will  be  Achieved  here 
-  I'm  not  qualified  for  that.  The  prin- 
ciple of  division  of  labour  that  you  know 
in  high  energy  physics  also  exists  be- 
tween brothers  -  and  in  order  to  be  Able 
to  judge  your  work  here,  you  have  chosen 
che  wrong  brother.  Rather  I  have  come  to 
inform  myself,  to  get  to  know  DSSY 
better,  and  to  prompt  thoughts  about  the 
rank  of  basic  research,  which  deeply 
Affects  us  All  to  a  certain  extent. 

It  is  not  uncharacteristic  of  the  deep 
mentel  chAnges  in  our  time,  that  a  hunan 
being,  who  one  somewhat  ArbitrArily  calls 
educated,  cannot  obtain  a  significant 
AppreciAtion  of  science  within  his  criti- 
cally  self-imposed  coJJacti  >n  of  know- 
ledge And  perspective.  He  doesn't  stAnd 
in  front  of  simple  gaps  ir,  his  knowledge, 
which  he  could  reasonably  fill  with  the 
conventional  eethod  of  leering,  rather 
in  front  of  areas  which,  at  least  that's 
what  his  feelings  sat  to  him,  Ate  shut 
off    in  principle  to  him.    That  which  is 
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WieeenelQcken .  dia  er  gewieeermafien  nit 
den  konventionellan  Kittaln  dea  Nachlar- 
nens  fallen  kfinnte,  eondern  vor  Berei- 
chen,  dia  ihm,  ao  eagt  aa  ihm  jedanfalla 
aain  G»fQhl,  prinxipiall  wrachloaaea  zu 
aoin  schainen.  Was  aich  that  verechlieflt  - 
das,  waa  diaae  Wieienschaf t  an  Erksnntnis 
hervorbringL,  woru  aia  nutxt  -  aber 
empfindet  er  ala  unheimlich.  Er  slant 
aich  kaun  in  dar  Lege,  diaa  kritisch 
nachzuvollziehen.  Hufl  er  aa  alao  dan 
Wiaaenachaf  tlem,  den  SachveretAndigen 
gl  jtuben?  Daa  tut  er  naturlich  auch 
ungern,  zumal  er  weiB,  dafl  aa  sich  nicht 
urn  Glaubenedinge  handelt. 

Ich  bewundere  klare  Kftpfe  mit  geaundaai 
Kenachenveratand.  Aber  reicht  daa,  van  den 
Weg  der  Grundlagenforachung  zu  deuten? 
Viola  von  Ihnen  kennen  den  Verauch  von 
Sebastian  Haffner,  diea  zu  tun.  Er  hat 
Qber  CERN  geachrieben  und  geurteilt  - 
aehr  anregend  und  verdienatvoll ,  wie  ich 
findo,  mit  dea  Ziel,  d&B  man  aich  mit  der 
Grundlagenforachung  auaeinandereatzt,  aia 
nicht  einf  ach  hinniant  oder  den  Zuatand 
hinnimmt,  ^sie  doch  nicht  mehr  veratehen 
zu  kOnnen.  Aber  weifl  er  damit,  waa  Ihr 
Ziel,  waa  daa  Ziel  der  Hochenergiephyaik 
lit,  fur  daa  Sie  arbeiten?  Kann  man  mit 
gesundera  Henachenveratand  und  klarem  Kopf 
sagen,  dad  as  aich  hier  um  Ziele  handelt, 
die  unarreichbar  w&ren,  violleicht  aogar 
gar  nicht  existent?  Ich  weifi  as  nicht. 
Ich  will  darflber  auch  nicht  spekulieren, 
daa  ist  nicht  meinee  totes.  Waa  ich  aber 
zu  sehen  glaube,  mochte  ich  ao  forrau- 
lieren: 

Grundlagenforachung i  ao  acheint  es 
mir,  ist  ihrem  Wo sen  nach  zun&chat  nicht 
in  der  Lege »  vor ab  Qber  Nutzen  und  Anwen- 
dung  moglicher  Ergebniaae  Auakunft  zu 
gaben.  Die  biaheriga  Geachichte  aolcher 
Forachungen  weiat  aowohl  lohnende  ala 
auch  vertane  Arbeit  auf  und  zu  allermeiet 
Ober race hung.  Daa  hat  die  Kenachen  nie 
dar on  gehindert,  und  aa  wird  aia  auch  In 
Zukunft  nicht  dar  an  hind  em,  waiter  neu- 
gierig  zu  forechen,  zweckfrei  und  wert- 
frei.  ~*  iat  amnios  und  entopricht  weder 
dem  Wuaen  der  Wiaaenachaf t  noch  dam  Weaen 
dea  Kenachen  Qberhaupt,  Grundlagenfor- 
achung priizipiell  mit  dem  Argument  zu 
hekampfen,    ihr    Ziel    wire  unerreichbar 


Zmlubrmtlon 
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shut  off  from  him  -  the  knowledge  of  thin 
science  and  what  it  can  £>■  used  for  - 
gives  him  a  sinister  feeling.  He  <*oee  not 
see  himself  in  a  position  to  critically 
judge  it.  Does  he  therefore  nave  to  be- 
lieve the  scientists,  the  experts?  W 
rally  he  is  not  too  keen  to  do  that, 
particularly  as  it  is  not  Just  ■  »«tter 
of  faith. 

I  admire  c»  ear  heads  wich  common 
sense.  But  is  that  sufficient  to  inter- 
pret basic  research?  Many  of  you  know  of 
the  attempt  of  Sebastian  Haffner  to  do 
this.  We  wrote  about  and  Judged  CaVW, 
which  I  found  to  be  very  stimulating  and 
worthy.  The  aim  to  grapple  with  basic 
research,  not  Ju*t  to  accept  it,  or  to 
accept  the  situation  that  one  can 't 
understand  it.  But  does  he  know  what  the 
target  of  high  energy  physics  is  vhich 
you  are  working  towards?  Can  one  say, 
with  Just  common  sense  and  a  clear  head, 
whether  this  target  is  unreachable,  or 
perhaps  doesn't  even  exist?  I  don't  know 
and    I  don't  want  to  speculate  about  it, 
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oder  viellsicht  mcht  existent  oder  die 
Henschun  konnten  nCxjl  icheweiao  ait  don 
Ergibnissen  mchts  anfangen. 

Ergebnisss  dor  Grundlagenf orschung 
sind  zunachst  wertfroi.  sio  konnon,  wonn 
sie  zutaoo  trot on,  den  Hen sc hen  en  t  voder 
nQti%.«  odor  schaden.  Dies  ist  auch  oin 
wissenschaf tliches  Problem  und  zwar  mso- 
fem«  als  Wissenschaf tier,  auch  Grundla- 
genforacher,  hier  nicht  einfach  sag  en 
dQrfen,  dafi  si*  fur  die  moral ischen  und 
die  ool it ischen  Polgen  nicht  mehr  zust&n- 
dig  seien.  Sio,  die  Wissenschaf tier , 
tragen  in  wachsendem,  in  hohera  Mafi  ethi- 
echo  Hitvsrantvortung  g  or  ad  a  fQr  die 
Polgen  dor  wissenschaf t .  Hit  Hacht  und 
mit  Recht  wird  die  Prage  nach  den  ethi- 
schen  Kritenen  fQr  Vervpndung  und  Polgen 
wissenschaf  tlicher  Leistungon  urcer 
lauter. 

Nicht  Qbor  den  Sinn  von  solcher  Grund- 
lagenf  orschung  also  lohnt  es  sich  zu 
streiten.  Aber  es  1st  unvormoidlich,  Qber 
Kosten  und  Qber  Pnontaten  des  Einsatzes 
of font lienor  Hittel  zu  roden,  dies  um  so 
mehr  dann,  wenn  die  Of  font lichen  Res sour - 
con  bis  an  lhre  Grenzen  bo an sprue ht 
worden.  Die  Verant wort lichen  von  DESY 
viasen  das  ganz  genau.  Sio  wissen,  dafi 
sie  das  Vertrauen  der  Gesellschaft  brau- 
chen.  Han  erhalt  dieses  Vertrauen  durch 
Leistungsnachvoise  und  durch  die  per- 
sonliche  Qualif lkation  derer,  die  dicse 
Lei stung en  offontlich  vertreten.  Unsore 
Gesellschaft  mag  in  lhrer  Breite  nicht 
mehr  in  der  Lage  sein,  schwiorige  wissen- 
schaf tl  iche  Erkenntnisso  nachzuvoll- 
ziehen.  sie  wird  aber  sohr  wo hi  die  30- 
nigen  bourteilen,  die  dies  tun.  Sie  wird 
lhr  Urteil  auch  danach  ausrichten,  wie 
die  Wissenschaf tl or  die  gosel lschaf t- 
lichen  Folgen  unc  die  othischo  Integra- 
tion lhros  Tuns  j  reflektioren  vormogen 
und  verstandlic    machen  konnon. 

Dieser  v, mil  t  tag  und  das  ganzo  Jubi- 
laura  wi**^  die  ttf  f entl ichkeit  rait  nouon 
Informt»cionen  Qber  bisherige  Ergobnisse 
sowohl  bei  DESY  als  auch  prinzipioll  in 
de*  Grund 1 agon f orschung  ausstatten.  Dor 
Zwang  ?ur  Begrttndung,  dio  Anstrengung  um 
Ventandnis  in  der  Of  f  ontlichkeit  ist 
notwendig  und  heilsara.    N  ion  and  wird  die 
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that  is  not  ay  function.  1  would  like  to 
formulate  my  observations    as  follows: 

It  seeis  to  bg  that  basic  research  is, 
m  principle,  not  able  to  predict  the 
uses  and  applications  of  possible  re- 
sults. The  history  of  such  research  shows 
much  worthwhile  as  well  as  worthless  work, 
and  most  of  all  surprises.  That  never 
has,  and  never  will  stop  man  from  re- 
searching witn  curiosity  and  free  of 
practical  applications.  It  is  nonsense 
and  goes  against  the  essence  of  science 
and  humanity  to  argue  against  basic  re- 
search on  the  principle  that  its  aims  are 
unreachable,  or  perhaps  don't  exist  1  or 
that  one  cannot  do  Anything  with  the 
results  anyway. 

Th+  results  from  basic  resiarch  are 
first  of  all  without  application.  The 
applications  can,  when  they  become  evi- 
dent, cither  be  of  use  or  harm  to  man. 
This  is  also  a  scientific  problem  to  the 
extent  that  as  scientists,  fundamental 
researchers  cannot  simply  say  that  they 
are  no  Jonger  responsibJe  for  the  moral 
and  political  consequences.  They,  the 
scientists,  carry  a  large  and  growing 
ethical  responsibility  for  the  conse- 
quences of  science.  Questions  on  the 
ethical  criteria  for  the  uses  and  conse- 
quences of  scientific  achievements  are, 
powerfully  and  correctly,  becoming  louder 
and  louder. 

It  is  therefore  not  worth  arguing  over 
the  point  of  basic  research.  However,  it 
is  impossible  not  to  discuss  the  priori- 
ties and  costs  for  the  use  of  public 
means;  even  more  so  when  the  public 
resources  are  strained  to  their  limits. 
Those  responsible  at  DESY  know  this.  They 
know  that  they  need  the  trust  of  society. 
One  obtains  this  trust  through  the  proof 
of  achievements  and  from  the  personal 
qualifications  of  those  who  publish  these 
results.  Our  society  as  a  whole  can  per- 
haps no  longer  fully  understand  difficult 
scientific  results.  However,  they  will 
judge  those  who  do  this.  They  will  also 
base  their  judgement  on  how  well  the 
scientists  publish  and  make  under- 
standable the  consequences  for  society 
and  the  ethical  integration  of.  their 
results. 
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wissenschaftlich  Verantvortlichsn  vtn 
dieseta  Zwang  befreien  wollen.  Aber  ir\t 
denke,  die  verantwort lichen  Vissensch'i- 
tler  eelbet  warden  dies  auch  gar  nicht 
wo 11 en.  Sie  ward an  aalbst  darauf  beste- 
hsn,  diaaa  Anstrengungen  ru  leisten. 
Naban  dar  SnIi  das  Geschaftes,  urn  daa  aa 
hiar  gsht,  dar  Suche  nach  fundament alan 
Prinxipian  und  Synmetrien  in  dar  Natur, 
atehan  weaantliche  Merkmale  in  Vordsr- 
grand ,  venn  wir  an  DESY  denken  und  dan 
25.  G«  bur  stag  feiern: 

-  dia  positive  Breitenwirkung  der  Ausbil- 
dungsfunktion  dar  Hochenargiaphysik  auf 
dan  go s  am  ten  Ausbiidungsstand  unserar 
Wissensch  ftiar  und  damit  ihre  Schritt- 
macherfunktion  fur  unsere  geistige  und 
unsere  material la  Lebanskraft; 

-  die  anga  intamationale  Zusammenaxbait 
und  Arbeitsteilung,  die  in  dar  Grand la- 
genf  orschung ,  z  ureal  hier,  in  vorbild- 
lie  her  Waise  gale  is  tot  vird; 

-  die  enge  Zusammenarbait  zwischon  Hoch- 
schulen  und  CroBf orschungsanlagen ,  auf 
die i  vie  wir  vissan,  be id a  angewiesan 
sind ; 

-  der  Zuwacho  an  technischer  Erfahrung, 
der  durch  die  Anf orderungen  dar  Hoch- 
energiephysik  formlich  errwungen  und 
vielloicht  starker  vorange trie ben  wird, 
als  auf  alien  anderen  Gabietan;  damit 
also  die  Zusammenarbait  von  Crundlagen- 
f  or  aching,  Technik  und  Industrie  Qber- 
haupt  in  einem     z  antral  en  Para  ich; 

-  und  bei  ailed  em  achlieBlich  die  Team- 
arbeit,  die  interdisziplinare  Zuseomen- 
arbeit  ala  aolche,  die  wir  wait  Qber 
die  Hissenschaft  und  die  Grundlagenfor- 
schung  hinaus  in  unserar  Gesellachaft 
brauchan. 

Theoret l aches  Wissen  und  technisches 
Kfinnen,  wie  es  hier  von  vielen  Mi tar bei - 
tern  allar  Spartan  gefdrdort  wird,  hat 
einen  we  sent lichen  ElnfluB  darauf , 
velchen  Platz  unsar  Land  einnimmt  und 
welchen  Beitrag  wir  rur  L&sung  dar  Pro- 
blecae  der  Halt  leisten  konnen.  DafQr  gilt 
es,  haute  alien  Mi  tar bei tern  von  DESY  und 
alien    Bora  torn  und  Fro  und  on  in  dar  Halt 
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This  occasion  and  the  whoia  anniver- 
sary sill  provide  new  indorsation  for  the 
public  on  results  obtained  at  DESY  end 
from  basic  research  in  general.  The  obli- 
gation to  give  reasons  for  basic  re- 
search, the  effort  to  aake  it  under- 
standable to  the  public  is  necessary  end 
wholesome.  No  one  wants  to  free  those 
responsible  scientists  from  this  obliga- 
tion.  But  I  thin*  the  scientists  them- 
selves would  not  want  this  either.  They 
will  insist  on  making  this  effort  them- 
selves. In  addition  to  the  heart  of  the 
research  here  into  the  fundamental 
principles  and  sipmetries  of  nature, 
there  are  other  significant  features  in 
the  foreground  when  *e  think  of  DESY  and 
celebrate  its  25th  birthday: 

-  the  broadening  of  training  with  which 
high  energy  physics  benefits  the  educa- 
tion of  all  our  scientists  and  with  it 
gives  impulses  to  our  spiritual  and 
material  vitality/ 

-  the  close  international  cooperation  and 
division  of  labour  which  is  demonstrated 
beautifully  here  in  basic  research; 

-  the  close  cooperation  between  national 
research  centres  and  universities  on 
which  both  are  dependent,  as  we  all  know; 

-  the  expansion  of  technical  experience, 
brought  by  the  demands  of  high  energy 
physics  and  perhaps  even  more  forcefully 
required  here  than  in  any  other  area; 
included  in  this  is  the  cooperation  be- 
tween basic  research,  technology  and 
industry  in  one  central  area; 

-  last  but  not  least,  the  teamwork  and 
the  interdisciplinary  cooperation  which 
our  society  needs  not  only  in  science  and 
basic  research. 


Theoretical  knowledge  and  technical 
ability  which  is  demanded  froa  many  col- 
leagues here  from  many  branches,  .has  a 
significant  influence  on  the  position  our 
country  holds  and  what  contribution  we 
are  able  to  make  to  solving  the  problems 
in  the  world.  Therefore  we  aust  Jthank  all 
the    staff  at  DESY,    all  the  advisors  end 
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aufrif^tig  zu  dankan.  Hoga  DESY  ait 
DORIS,  PETRA  und  apatar  HERA  a  in©  erfolg- 
raicha  Zukunft  bascniadan  ••in  -  aina 
Zukunft,  dia  un«  nit  tiafarar  Einaicht 
und  grdSarara  KQnnan  unsara  g«Mins«M 
Varantwortung  fur  dia  Erda  bag ra if  an 
last,  dia  wir  bavohnan  und  dia  wir  unba- 
•ch&digt  ainar  nacftfolgandan  Ganaration 
Qbargaban  vol  lan. 


Celebration 


friends  throughout  the  world.  Let  us  hope 
that  DSSY  together  with  DORIS,  PETRA  and, 
an  the  next  few  year*,  HERA  be  granted  a 
successful  future  -  one  that  allows  us 
with  deeper  understanding  and  increased 
ability  to  comprehend  our  common  respon- 
sibility for  the  earth  on  which  we  live 
and  which  we  want  to  leave  undamaged  for 
the  next  generation. 


f.t«  tClr  JtrfM  ScitUt  (57191/55) 
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GruA«Q*pr*ch«  van 

Or.  Klaus  von  Dtsnsnyi 

Erstw  BQrgerneistar  der  Stadt  Hamburg 


Hexr  Bundespras  iden  t , 

Hur  Prof.  Soergel, 

Herr  President  der  Burgerschaf  t. 

Mini  sehr  vnrehrtnn  D«m  und  Barren  I 

Ich  nOchte  Inner  in  Mmw  des  Senats 
der  rreien  und  Heneeetadt  Hamburg  herzli- 
che  Gluckwunsche  *u  dies  em  25.  Geburtatag 
Qberbringeo.  Und  ich  ndchta  bei  der  Cele- 
genheit  noch  einaal  unurt  g«ar  besondere 
rrtudi  darOber  euadrOcken,  da£  Sie:  Herr 
Bundaepreeideftt,  in  einem  Zeitraun  von 
vi«rx«hn  Tagen  sua  rweiton  H*l  nach  Han- 
burg  j  i  T  —mi  aind.  rroher,  in  kaiser- 
lichen  Zeiten.  war*  mm  aahr  wo  hi  noglich 
geveeen.  daft  dia  Stadt  ihra  Tora  zugehal- 
tan  und  gessgt  hatta,  dar  soil  Ml  ain 
pear  Stundan  war  tan.  Aber  wir  hftban  Sia 
wirklich  harxlich  •rwertnt.  Harr  *andes- 
pra aidant.  Es  war  dar  Kabal.  Das  Hambur- 
ger Wetter  i«t,  wis  ich  Ihnan  bai  Ihran 
latztan  Besuch  nachgeviesen  haba  und  auch 
hauta  ga^an  Hit  tag  wiadar  nachwaisen 
kcnn,  aahr  vial  besser  als  sein  Ruf,  absr 
gag  en  dan  Nabal  konntan  n  atari  ich  auch 
die  vision  DESY-Schildar  in  dar  Stadt 
nichts  tun. 

Ich  begrufle  Sia,  Harr  Botschafter 
Ferraris,  sehr  harxlich  hier  uwter  uns 
und  unterstreiche,  dafi  uns  ere  deziehungen 
zu  Ihraa  Land  unver&ndert  dia  sind.  die 
wir  inaar  gehabt  hab^. 

Ich  freue  aich  auch,  dafl  frOhere 
Kollagen  von  air  unter  uns  sind.  Xnsbe- 
aondere  nochte  ich  herzlich  den  Kollogen 
Rambeer  aus  dam  Bundesministeriun  fur 
For* -hung  bag r0 Ban,  ait  dsn  ich  visls 
Jahre  zusannengsarbaitet  habe  und  dar 
hier  haute  die  Worts  fur  dan  Bundesni- 
nieter  spricht.  GrOfien  Sie  den  Harm 
Bundesain later  aus  Hamburg.  Wir  freuen 
una  ianer/  wenn  dia  Baziahungen  zwischsn 
Xhnen  und  uns  fruchtbar  sind. 

Ich  aOchts  auch  ganz  herzlich  Harm 
Professor  Panofaky  beg rQ Gen.  Harr  Profea- 


Celebration 


Addrmss  from 

Dr.  Klaus  von  Dohnanyi 
First  Mayor  of  Hamburg 


Hmrr  Bundesprasxdent , 
Prof.  SoarjsJ, 

Herr  President  d*r  Burgerschaft, 
Ladxes  and  Gmntleeent 

On  behalf  of  tn*  senate  of  the  Freimn 
und  Hansestadt  Htmburg  I  would  Jiks  to 
congratulate  you  on  the  occasion  of  your 
25th  birthday,  i  would  also  like  Co  take 
tile  opportunity  to  than*  you,  Harr  Bun- 
desprasident,  for  visiting  Hamburg  for 
the  smcond  tins  in  fourteen  days.  In 
earlier  imperial  days  «C  would  have  been 
pesriMe  tut  the  city  would  nave  closed 
its  doors  and  said  you  should  wait  for  s 
few  hours.  However,  we  nave  eincereiy 
-looked  forward  to  seeing  you  Hmrr  Bun- 
desprasxdent.  It  was  thm  fog.  Hmburg 
weatner  is,  as  proven  to  you  J  est  tins 
and  this  tins  around  noon,  such  better 
than  its  reputation.  However,  even  tne 
many  DSSY  signs  around  thm  town  could  do 
nothing  against  thm  fog. 

I  welcoae  you  Ambassador  Ferraris,  to 
us  herm  and  underline  that  ow  rmlations 
wxth  your  country  are  tne  same  as  they 
always  havm  been. 

I  as  also  pleased  that  former  collea- 
gues of  nine  are  here  today.  In  parti- 
cular I  would  like  to  welcose  collmagum 
Rembser  from  thm  research  ministry,  with 
whoa  I  worked  for  many  years  and  *no  will 
talk  on  behalf  of  thm  ainistmr  today. 
Best  regards  from  Hamburg  to  thm  minister 
in  Bonn.  We  are  always  very  happy  when 
thm  relations  between  you  and  us  are 
fruitful. 

I  would  also  like  to  welcome  sincerely 
Professor  Pa  no f sky.  Professor  Panotmky, 
you  are  one  of  the  great  nases  in  phy- 
sics, nut  the  name  of  your  family  also 
counts  s  great  deal  in  Hamburg,  and 
therefore  I  especially  appreciate  that 
you    have  come  from  the  U.S.A.    to  DBSY. 

Ladxes  and  gentlemen,  there  is  nothing 
that  has  occupied  nan  nore  tBsn  the 
guest  ion  how  did  the  world  bogxn,  what  is 
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•or  Panofeky,  Sis  haben  sich  eelbet  einen 
groflen  Nmm  in  der  Physik  gemacht;  absr 
auch  der  Name  Dirw  Famdlim  zahlt  eehr 
viel  in  Hamburg ,  und  ich  begrflBe  •«  d««- 
halb  genx  besonders,  dafi  Sie  axis  dan 
Vera in ig ten  Staatan  zu  una  gekommen  sind. 


Ksina  Daman  und  Ilarran,  nicbta  hat  dia 
Menechsn  so  beechAf tigt  wis  dis  Frags 
nach  dasi  Entstshen  der  Walt;  was  ist 
Materia,  woraus  iat  dis  Wait  gssacht?  Und 
auch  in  siner  rait,  in  der  dis  k'isssn- 
echaftaskepsis  offenkundig  runimat, 
nOaaen  wir,  und  der  Bundespraeident  hat 
daa  aban  unteretrichen  ,  dis  Wotwendigkeit 
der  Grundlaganforachung  ala  ain  elemsn- 
taree  Element  daa  aenachlichsn  Ssins 
unterstreichen.  Ich  veiB,  walcha  Dsbattao 
um  QroBbeschleunigcr  odar  Ahnliche  Bin- 
rich  tung  en  aumgelost  werdan  kdnnan. 
Einiga  sind  hiar  untar  una,  dis  ooch 
wissen,  „  wia  Anfang  dar  siebzi*er,  Ends 
der  lechziger  Jahre  die  Debatte  um  Stan- 
ford lief  und  u*  die  Konkurranz  ait  CERN. 
Daa  allea  hat  una  daaale  aehr  beechaf- 
tigt.  Ich  varde  nis  vergeeeen,  mit 
wiaviel  ekeptiechen  Worten,  daa  sage  ich 
hier  einmel  of  fen,  aein  damaliger  Ewrater 
und  ich  will  sagen,  feat  Freund,  Warner 
Heisenberg,  den  damaligen  An  s  inn  en  neuer 
GroSuntcrnehmen  entgegenetand  • 

Trotzden  iat  daa,  was  Sie  hiar  tun  und 
vaa  sie  mit  einen  nachsten  Schritt  mit 
HERA  3a  noch  waiter  vertiefen  wo 11 en  und 
kbnnen,  so  hoffe  ich,  ein  ganz  entochei- 
dender  Beitrag  zio  wis sen  Qber  unsere 
Welt.  Mir  acheint,  es  iat  kein  Argument, 
allein  auf  wirtachaftlicha  Hoglichkeiten 
hinzuveiaen.  Wir  dOrfen  ja  auf  die  Dauer 
nicht  in  die  Lege  kccxaen,  d&S  wir  in  der 
Bundesrepublik  nur  noch  etwaa  tun,  wail 
wir  fQrchten,  wann  wir  as  nicht  tun,  tun 
es  die  Japanor;  und  die  fQrchten  ihrer- 
seita,  venn  sie  es  nicht  tun,  tun  es  die 
Dmitechen. 


Diaae  Art  von  Argucentation  mQ  as  en  wir 
verlssaon,  und  dennoch  oQseen  wir  wissen, 
daB  es  natQrlich  auch  einen  wirtschaft- 
lichen  Bezug  gibt.  Aber  dieser  ist  nicht 
das  Kauptarguaent,  auch  nicht  hiar  an 
dieeer  S telle,    wenn  man  auf  die  letzten 


.  r«t«  ttSff^raWjScaaUt^UTlM/l) 
matter  and  what  la  the  world  mad*  of? 
Also  in  times  when  scepticism  about 
science  is  on  the  increase  ws  must,  and 
the  Sundesp resident  has  just  emphasized 
this,  underline  the  necessity  of  funda- 
mental research  as  a  basic  element  of 
human  life.  I  know  the  aorta  of  debates 
that  are  provoked  by  accelerators  and 
other  similar  installations.  There  are 
some  of  you  who  remember  the  discussion? 
at  the  snd  of  the  sixties  and  beginning 
of  the  seventies  about  st&nford  and  the 
competition  with  CERN.  That  occupied  us  a 
great  deal  at  that  time.  I  will  never 
forget  the  sceptical  words  with  which,  I 
say  openly,  my  advisor  at  that  time  and  I 
want  to  say  almost  friend,  Werner  fleisen- 
berg,  greeted  the  plans  for  the  new  large 
scale  projects* 

Despite  that,  what  you  do  here  and 
what  you,  with  the  next  step,  want  to 
further  develop  with  HERA  can,  I  hope, 
make  a  decisive  contribution  to  our 
knowledge  of  our  world*  It  appears  to  me 
that    it  is  no  argument  just  to  point  at 
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25  Jehre  und  auf  die  nach  a  ten  25  Jahre 
echaut.  Ea  gibt  einen  alten  Satz,  dar 
beifit:  "Irr*o  1st  ■enechlich*'.  Ich  Mint, 
Mn  Milt*  migentlich  ugw:  <tfiesen  i*t 
MMdUich".  Vu  den  Heoacben  vcai  Tier 
unterecheide  t ,  die  Sucbe  nach  Erkenntnia, 
dw  wiiM  und  Qrvwdlageof  orechung ,  iat 
d«r  Kara  dieewe  Vereucha,  dieeea  Suchena 
nach  Vieeen. 


Sicherlich,  Herr  8en4eepraeidec*c ,  Sie 
haben  abao  auch  darauf  hingevieaen, 
aflaamo  vir  Prior  it* tan  eetxen.  Ubarall 
da,  vo  vir  mUt  Off  ant lichen  Kit  tain  For- 
eebung  fordera,  trexfeo  vir  aucn  Ent- 
echmidungen  Ober  Forechungsrichtuogen . 
Dia  Fraga  nach  dar  Freiboit  voo  Forechung 
und  Uhre  1st  liar  auch  aina  Fraga  nach 
dar  Anvenduog  voo  Hit  tain,  und  jeder,  dar 
Hauabalta  macht,  mufi  daa  viaeen.  tJhd  ich 
eagm  Umao*  ich  haba  aait  naun  Hinutan 
dia  Hauahaltiberatungeo  daa  Sanata 
lauxmn,  deavegen  mochte  ich  Sia  auch 
bitten,  daft  Cie  mich  nach  meiner  Rede 
frmundlich  aotlaaaen.  Jed  a  Hinuta  kann 
dort  vial  Geld  koeten,  und  ich  mochte  daa 
Geld  garna  in  dia  richtige  Richtung 
bringan. 

D*bai  vill  ich  bier  einan  Crundaatz 
aagen,  amine  Dam  und  Herren,  Hamburg 
iat  •in*  Stadt  von  nur  1 ,6  Mil  lion  en 
Einvohnern,  nach  Neat-Berlin  dia  grofite 
in  dar  Bundaarepubl ik ,  abar  ain  Stadt- 
ataat  ait  angan  Grenxen.  Dia  einzige 
vela*,  via  vir  uneere  Poaition  auf  dia 
Dauer  Mar  haltan  koonen,  iat,  daB  vir 
vnemrm  begrenzten  Hittal  auf  dia  fQr  dia 
Stadt  und  fur  dia  BQrger  virklich  vich- 
tigaa  Frageo  konzentrieren  und  daft  vir 
dann  dort.  vo  vir  erbeiten,  Quail  Ut  rue 
era  ten  Mafia  tab  aachen.  Ee  aollte  nichta 
Hittmlmafiigee  gaban.  Lieber  vanigar  an 
einer  Stella,  da/Or  abar  daa  Richtige. 
Dar  Qoalitltaaafietab  vird  auch  zlhlen. 
vena  vir  i»  Deraich  von  Forachung  und 
Viaeen  echaft  in  Hamburg  dan  Verauch 
aachen,  dia  immor  zu  knappan  Hittal  zu 
verteileo.  Denn  vaa  im  Fraiataat  Bayam 
dar  Steuarzahler  in  Paaaau  auch  leiatet 
(Or  dia  jcultur  in  Munchen,  daa  mQaaen  dia 
Hamburger  Burger  innen  und  BQrger  a  ich 
eel  bet  ervirtschaf  tan  und  aich  auch 
•el bet  bezahlen. 


Celeb  ration 


the  economic  possibilities.  We  cannot  in 
the.  long  run  come  to  the  point  where  ve 
only  do  something,  becauae  ve  /ear  that 
if  ve  don't  do  it  the  Japanese  vill  end 
they  /ear  that  if  they  don't  do  it  the 
Germane  vill* 

We  must  forget  this  sort  of  argument, 
but  ve  must  aJao  know  that  there  are,  of 
course,  economic  expects.  However,  this 
ia  not  the  main  argument,  particularly 
when  one  look*  from  here  over  the  pest 
and  future  25  years.  There's  an  old 
saying  that  goes:  "Error  is  human."  I 
think  one  should  really  sayr  "ftioviedge 
is  human."  The  thing  thet  separates  men 
from  animals  is  the  search  for  understan- 
ding. Knowledge  and  fundamental  research 
are  the  core  of  this  effort,  of  this 
search  for  understanding. 

We  must  of  course,  as  you  have  just 
indicated  Herr  Bundesprasident,  set  prio- 
oritiws.  Everywhere  where  research  is 
financed  by  public  money  we  have  to 
decide  on  the  direction  of  the  research. 
The  question  of  freedom  of  research  and 
teaching  is  always  a  question  of  the 
application  of  means  and  everyone  who 
plans  a  budget  should  know  that.  I  should 
mention  that  the  budget  planning  in  the 
senate  started  nine  minutes  ego  and 
therefore  I  esk  that  you  permit  me  to 
leave  the  end  of  «y    speech.  Every 

minute  can  cost  *  lot  of  money  there  and 
I  would  like  to  direct  the  money  in  the 
right  direction. 

I  would  like  to  mention  e  principle 
here,  ladies  and  gentlemen.  Hamburg  is  a 
city  vith  only  1.6  million  inhabitants, 
the  largest  in  the  Federal  Republic  of 
Germany  after  West  Bar  lint  but  it  is  a 
city-state  vith  tight  boundaries.  The 
only  way  in  which  ve  can  maintain  our 
position  here  in  the  long  run  is  to  con- 
centrate our  limited  means  on  those 
questions  vhich  are  important  for  the 
city  and  for  its  citizens.  We  must  make 
quality  the  first  measure  of  where  ve 
work.  There  should  be  no  mediocrity. 
Rather  a  little  less  on  one  place,  but 
then  in  the  right  one.  This  measure  of 
quality  vill  also  spply  when  ve  try  to 
divide  the  always  too  limited  .means  in 
the    area  of  research  and    science.  What 
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Ich  *ochte  an  End*  nrch  ainaal  aaina 
herzlichen  GiackvOneche  auaapracban  und 
den  Mit«rb«itarinn»n  und  Kitarbeitem 
danken  f  Or  dan ,  was  hl«r  £  Or  dia  wiaaen- 
--haft  in  dar  Walt,  t Or  dia  Wiasenachaft 
i  ftindearepublik    und    in  unaarar 

Stadt  gelaiatet  vird. 


Ich  haba  ein  kleines  Gaetgeschenk 
nit;abracht,  Harr  Profeeeor  Soergal*,  daa 
ich  Ihnen  gam  a  Gbergaben  wQrda.  Ea  imt 
ain  engliecher  Kupferatich  aua  dam  Jahre 
1791,  dar  dan  Tital  -M4gnatiaoi"  tract.  Ea 
aind  zvar  kaine  Supralaitar,  dia  hiar 
vorgaatellt  aind*  seine  Dano  und  Herren, 
abar  ea  aind  doch  Dinge,  dia  gevieeer- 
maflan  dar  Gaachichta  dar  Wiaaanacnaf  t  dia 
Wage  vorgazaichnat  haben,  auf  danan  Sia 
hauta  hiar  ao  arfolgreich  gehen.  Noch 
einaal  harzlichan  GlQckvunach  und  allaa 
Guta  fOr  DESY  und  Ihra  Arbeit. 


the  free  state  of  Bavaria  affords  for 
cuJture  in  Munich  is  also  paid  for  by  the 
taxpayer  in  Passaut  however,  the  citizen* 
of  Hamburg  must  earn  that  for  themselves 
and  pay  for  it  themselves. 

ro  finish  I  would  like  to  heartily 
congratulate  you  all  again  and  to  thank 
the  employees  here  for  what  they  achieved 
for  science  in  the  world,  in  the  Federal 
Republic  and  in  our  city. 

I  have  brought  a  small  present  with 
•e,  Professor  Soergel,  which  I  would  like 
to  give  to  you.  It  is  an  Bnglish  copper 
engraving  from  the  year  1791  with  the 
title  'magnetism",  it  is  not  a  supercon- 
ductor, which  is  presented  here,  ladies 
and  gentlemen,  but  there  are  particular 
things  that  have  guided  the  history  of 
science,  and  which  you  have  ao  success- 
fully followed  here.  Once  again  congratu- 
lations and  best  wishes  for  DSSY  and  its 
work. 


* 

r  . .. 
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Grufiadresse  von 


Dr.  Josef  : 
Vorsitzender  d«s  DESY-Verwaltungsratea 


Greeting  from 
Dr.  Josef  Reaeser 

Chairman  of  the  DESY  Administration  Board 


Sehr  verehrter  Herr  Bundes president, 
sehr  geehrtar  Herr  BOrgemeister 
lieber  Professor  Soergel, 
Mine  sehr  geehrten  Daman  und  Herren! 

Fur  die  Bundesregierung  in  Bonn,  beson- 
ders  aber  im  Auftrag  von  Bundesf or- 
schung ■tin later  Dr.  Riesenhuber,  Qber- 
bringe  ich  herzliche  GrOfie  und  WQnsche 
rur  25-Jahrf  eier.  Das  gesarate  Bundesf or- 
schungsministariua  schlieBt  sich  an. 

Die  GrOfie  und  WQnsche  gelten  alien, 
die  fQr  DESY  in  dsa  Viertel  jahrhundert 
seit  1959  an  zahllosen  Or ten  und  PlAtzen 
geplant,  gearbsitet  und  sich  eingesetzt 
haben,  die  in  wissenschaf  tliche  For  ic  nun- 
gen,"  in  none  Technlken,  in  die  Experi- 
ment* und  Anlagen  des  Laboratoriues  ihre 
Hoff nungen  und  ihr  Engagement  einbrach- 
ten,  daren  Erwartungen  und  Tr&taie  sich 
vielleicht  nicht  immer  erfQllten,  in  der 
Bilanz  der  Ergabnisse  aber  die  reiche 
Prucht  neuen  Wis  sens  und  technischen 
KSnnens  brae h ten . 

"DESY  ist-,  so  sagte  Bundesf or schungs- 
minister  Riesenhuber  bei  der  kQrzlichen 
Unterzeichnung  des  Finanzabkommens  zwi- 
schen  der  Freien  und  Hanseetadt  Hamburg 
und  dea  Bund  fQr  die  neue  Spe ic her ring an- 
lege  HERA  am  6.  April  dieses  Jahres  in 
der  groBen  Experisientierhalle  zwischen 
dem  Crystal  Ball-  und  dam  ARGUS- Experi- 
ment, "DESY  ist  fQr  unser  Land  als  natur- 
vissenechaf  tliche  Nation  eines  der  Flagg- 
schiffe,  die  sich  auszeichnen  durch  Ex- 
zellenz,  aber  auch  ...  durch  eine  her- 
vorr agendo  Technik,  durch  eine  solids 
Hardware,  durch  vernflnftige,  ingenieur- 
m&fiige  Kenntnis  ...  (DESY  und  mit  ihm) 
HERA  warden  in  diesem  Jahrzehnt  eines  der 
gans  groBen  Experiments  der  Grund  lagan  - 
forschung  in  Deutschland  sein" . 

Ein  Flaggschiff ,  raeine  sehr  verehrten 
Damen  und  Barren,  ist  der  Ort  der  POhrung 
eines  Varbandes  von  Schiffen,  bildlich 
etwa  has ten end  aus  unseren  GroBfor- 
schungszentren   aufierhalb   der  Universi- 


The  Honorable  Herr  Bundesprasident, 
The  Honorable  Herr  Bur germeister, 
Herr  Soergel, 
Ladies  and  Gentlemen! 

On  benalf  of  the  Federal  government  in 
Bonn  anJ  in  particular  the  Minister  of 
Research  Dr.  Riesenhuber,  I  bring  gree- 
tings and  congratulations  for  the  25th 
anniversary  celebrations*  The  whole  of 
the  Research  Ministry  is  also  included  in 
these  wishes* 

The  greetings  are  for  all  who  htve 
planned,  worked  and  made  efforts  for  DESY 
at  countless  places  in  the  25  years  since 
;959,  and  for  all  who  brought  hopes  and 
commitment  to  scientific  research,  new 
technology,  experiments  and  machines  in 
the  laboratory*  It's  possible  that  their 
expectations  and  dreams  did  not  always 
come  true,  out  overaii  tneir  results 
orougnt  a  pientifui  fruit  of  new  know- 
ledge and  technical  know-how. 

As  the  Minister  of  Research,  Dr.  Rie- 
senhuber, said  at  the  recent  signing  of 
the  financial  contract  between  the  Freien 
und  Hansestadt  Hamburg  and  the  State  for 
the  building  of  HERA  on  April  6th  this 
year,  held  in  the  large  experimental  hall 
between  the  Crystal  Ball  and  the  ARGUS 
experiments:  "DESY  is  one  of  the  flag- 
ships of  our  country  as  a  scientific 
nation,  which  is  noted  by  its  excellence, 
but  also  ...  witn  its  exceiient  teenno- 
logy  and  solid  hardware,  its  sensible 
engineering  knowledge  ...  (DESY  and  with 
it)  HERA  will  be  one  of  the  important 
basic  research  experiments  in  Germany  in 
this  decade* * 

A  flagship,  ladies  and  gentlemen,  is 
the  place  for  the  control  of  a  formation 
of  ships*  In  a  figurative  sense  it  con- 
sists oa  tne  national  research  centres 
outside  the  universites*  CESY  also  is  a 
flagship  of  a  formation  of  research 
collaborations  and  basic  research  msti- 
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taten.  DESY  ist  aber  auch  Flaggschiff 
emer  Flottille  aus  For sc hung  steams  und 
Forschungsmstituten  dor  Grundlagenf  or- 
schung  und  Hochenergiephysik  aus  vielen 
Nationen,  die  wissenschaf tliches  Neuland 
ansteuern,  und  bei  denen  }eder  im  hohen 
Topmast  seines  Schiffes  un  friedlichen 
Wettstreit  mit  den  Ko 11 eg en  nach  den 
ersten  Anzeichen  und  nach  den  GewiBheiten 
neucr  Ufer  Ausschau  halt. 

DESY  ist  von  An  fang  an  em  Ort  der 
Zusammenarbei t  zwischen  Wissenschaf  tlem 
und  Ingenieuren  aus  vielen  L&ndern  der 
Welt  gevesen. 

Es  hat  bei  semem  Aufbau  in  den  60er 
Jahren  aus  den  Erfahrungen  der  Beschleu- 
nigertechnik  und  Hochenergiephysik  in  den 
USA  gelernt.  Mit  den  Fachkollegen  und 
Schwesterlaboratonen  der  europSischen 
Staaten  bestehen  Qber  die  25  Jahre  Ge- 
schichte  hmweg,  die  wir  feiorn,  freund- 
schaftliche  und  wert voile  Kontakte.  Das 
europ&ische  Hochenergiephysik-Laborato- 
num  CERN  in  Genf ,  vergangene  woche  30 
Jahre  alt  geworden,  war  Vorbild  und 
Heifer ,  ist  seit  langem  aber  schon  Spar- 
rings  partner  und  friedlicher  Konkurrent 
zugleich. 

Wir  smd  stolz,  daB  DESY  of  fen  ist  fur 
jedes  qualif lzierte  Experiment,  fQr  jede 
Wissenschaf tlergruppe  -  ohne  Ansehen  der 
Herkunft,  ausgewiesen  durch  die  QualitSt 
ihrer  Erfahrungen,  die  Kreativitat  ihrer 
Ideen,  die  Originali tat  und  Zielsetzung 
ihrer  Experimentiervorschlage.  Dies  sind 
allem  die  "Emtn  tts-Tickets",  die 
gefordert  werden. 

Wir  wiasen  zu  sch&tzen,  daB  das  Ange- 
bot,  bei  DESY  zu  experimentieren  und  Qber 
die  Ergebnisse  nachzudenken,  »von  vielen 
ausl&ndischen  Freunden  angenommen  word en 
ist  und  in  wachsendem  MaBe  weiter  ange- 
nomrcen  wird.  Wir  smd  be  Bonders  dankbar, 
dafl  Laboratorien  und  Regierungen  aus 
anderen  Landern  mit  Personal  und  wertvol- 
len  Kcmponenten  zun  Bau  der  neuen  Spei- 
cherringanlage  HERA  beitragen.  Dieses 
Engagement  unserer  auslandischen  Freunde 
war  mit  entscheidend  fQr  den  BaubeschluB. 

Wer  in  die  Labors,  in  die  Werkst&tten, 
in    die  Computer-  und    KontrollrAurae,  in 
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tutes  for  high  energy  physics  around  the 
world ,  which  select  the  course  of  scien- 
tific new  land.  In  peaceful  competition 
with  his  colleagues,  he  looks  out  for  the 
first  signs  and  proof  of  new  shores  from 
the  top  of  the  mast  of  his  ship. 

Since  the  beginning  DESY  has  been  a 
place  of  cooperation  between  scientists 
and  engineers  from  oany  countries. 

During  its  ouiid  up  in  tne  sixties  a 
lot  was  learnt  on  accelerator  technology 
and  high  energy  physics  from  the  U.S.A. 
For  longer  than  the  25  years  which  wa  are 
celebrating  today,  we  have  also  had 
friendly  and  fruitful  contacts  with 
experts  and  our  sister  laboratories  in 
Europe,  rne  European  high  energy  physics 
laboratory,  CERN  in  Geneva,  which  had  its 
30th  birthday  last  week,  was  an  example 
and  helper ,  and  has  long  been  a  sparring 
partner  ana  friendly  competitor. 

We  are  proud  that  DESY  is  open  for 
every  qualified  experiment  and  scientific 
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die  Experimentierhallen  von  DESY  und 
seine  Abteilungen  fflr  die  einzelnen  Expe- 
rimente  hineinschaut,  wird  beeindruckt 
sein  von  dem  Untereinander-Verstehen >  von 
der  geneinsa»en  Arbeit  und  ouch  von  den 
Freund schaf  ten ,  die  dort  zvischen  vielen 
in  der  Wi« sense haft  begeisterten  jungen 
Henechen  unterschiedlicher  Sprache  wach- 
sen.  Dies  sind  die  vichtigsten  Investi- 
t  ion  en  der  Vergangenheit  und  der  Zukunft 
hier  xn  Haaburg-Bahrenf eld. 

DESYaner  zu  sein,  konmt  den  Besitz 
eines  "international en  Forscherausweiaes" 
gleich,  Qber  desaen  Einfflhrung  gerade 
heute  vor  einer  Woe  he  die  For  achung  am  mi- 
ster der  Mitgliedstaaten  dea  EUROPARATES 
in  Paris  bene  ten.  Die  Zahl  der  interna- 
tionalen  Einladungen  fur  DESYaner,  Qber 
die  Result ate  der  Hochenargie-  und 
Synchrotronatrahlungs-Experiiaente  an  DO- 
RIS und  PETRA  zu  berichten,  Rat  und  Ex- 
pertise zur  VerfOgung  zu  stellen ,  ist 
Legion.  Hit  alien  Mitarbeitennnen  und 
Hitarbeitern  von  DESY  freuen  wir  uns 
heute  unbeschwert  Qber  das  hohe  An sen en 
des  Laborator  iuas ,  und  wir  wollen  alien 
DESY  an  em  -  von  den  ehenaligen  Mitglie- 
dern  des  Wissenschaf tlichen  Rates  und  des 
Direktonuma  angefangen  bis  hin  zur  ge- 
genw&rtig  alctiven  Mannschaft  -  fflr  ihre 
Arbeit  und  ihre  Beitrage  danken. 

Die  Bund  es regie rung  und  das  Bundes- 
ministenum  fflr  Forschung  und  Technologie 
warden  auch  kflnftig  dem  Deutschen  Elek- 
tronen-Synchrotron  DESY  ihre  Sympathie 
und  ihre  Ford  erring  geben. 


r*tt  IIST  Jlrio  Ukmlit  (J7l«/t5) 
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team,  whatever  their  or  igin,  depending 
only  on  the  quality  of  their  knowledge, 
the  creativity  of  their  ideas  and  the 
originality  and  aims  of  their  experimen- 
tal pxoposals.  These  art!  the  "entrance 
tickets"  required  here. 

We  are  well  aware  that  the  off*  r  from 
DESY  on  experimentation  and  reflection  on 
the  results  of  experiments  has  been  taken 
up  by  an  increasing  number  of  foreign 
friends.  We  are  particularly  grateful 
that  laboratories  and  governments  from 
other  countries  will  contribute  experts 
and  components  for  the  ouilding  of  the 
HERA  storage  rings.  This  commitment  from 
our  foreign  friends  was  an  important 
point  in  the  decision  to  build  HERA. 

If  you  take  a  look  into  the  various 
laboratories  and  workshops,  the  computer 
end  control  rooms,  in  the  experimental 
halls  and  the  sections  for  each  experi- 
ment, you  will  always  he  impressed  by  the 
understanding,  the  team  work  and  the 
friendships  of  the  many  young  science 
enthusiasts  with  different  languages 
which  grow  there.  These  are  the  most 
important  investments  in  tamburg-Bahren- 
feld  both  for  the  past  and  for  the  future. 

To  be  a  ~r  of  the  DESY  staff  is 
the  same  as  to  own  an  "international 
research  identity  card".  By  the  way,  the 
research  ministers  of  the  member  states 
of  the  Council  of  Europe  conferred  about 
such  an  identity  card  in  Paris  just  one 
wee*  ago.  There  are  a  great  number  of 
international  invitations  to  DESYaner  to 
talk  about  the  results  of  high  energy  and 
synchrotron  radiation  experiments  <%t 
DORIS  and  PETRA,  and  to  make  available 
expertise  and  advice.  All  the  workers  at 
DESY  enjoy  tne  respect  in  which  DESY  is 
held  tremendously  and  we  would  like  to 
thanJt  all  DESYaner  -  beginning  with  the 
earlier  members  of  the  Scientific  Council 
and  the  directorate  and  including  the 
present,  staff  -  for  their  work  and  con- 
tributions. 

The  Federal  government  and  the  Mini- 
stry for  Research  and  Technology  will  m 
future  continue  to  demonstrate  their 
sympathy  and  support  for  DESY.. 
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GruBadresse  von 
Prof.  Joachim  Treuech 

President  der  Dt.  Physikal.  Gesellechaft 


Verehrter  Horr  Bundespr Ssident, 
liebe  DESYaner, 
verehrte  G&ste! 

DESY  stent  in  Mittelpunkt  des  Inter- 
esses,  2um  dntten  Hal  in  diesem  Jahr: 
die  Unterzeichnung  ernes  Vertrages  in 
April,  der  Abdruck  eines  Artikels  in 
Spiegel,  die  Feier  des  Geburtstag*  in 
September;  was  ist  zu  sag  en? 

Nun,  es  ist  seit  je  ein  Problen  geve- 
sen  fur  die  Physiker,  in  offentlichen 
Ansehen  die  Rollen  von  Faust  und  Hephisto 
gleichzeitig  zu  spiel en.  Han  si  ant  sie 
allein  verantwortlich  fQr  Transistor  und 
Bomb©,  fixiert  auf  das  enge  Verstandnis 
des  L  nk-  und  Hachbaren,  selbst  da  noch 
begrenzt. 

Die  frage  "Grundlagenf or sc hung  -  fluch 
oder  Segen?"  ist  gestellt  und  mu6  beant- 
vortet  werden.  ich  kann  und  will  Herrn 
Panofsky  nicht  vorgreifen,  ernes  aber 
scheint  nir  sicher:  Der  publizistische 
Tanz  eines  Londoner  Studenten  urn  den 
vermoi nt lichen  Tod  omer  Konigm  birgt 
keine  Antwort.  Zudera  kann  joder  sehen, 
da6  8  ich  DESY  und  die  Danen  ihres  Hof- 
staats,  alien  voran  DORIS  und  PETRA, 
bester  Gesundheit  erfreuen. 

Was  Qber  diesen  Augenschein  hmaus 
bewegt  die  Physiker  und  msbosondere  die 
Deutsche  Physikalische  Gesellschaf t,  hier 
und  heute  Dank  zu  sag en ,  DESY  offentlich 
GlQck  zu  vQnschen. 

Ich  will  nicht  von  "Charm'*,  "Tau"  und 
"Ypsilon"  reden,  das  werden  Bemfenere 
tun.  H  AS  V  LABs  Erfolge  zu  rQhraen,  von 
denen  ich  mehr  verstehe,  fehlt  nir  die 
Zeit,  nicht  der  Wille.  Lassen  Sie  nich 
em  paar  allgememere  Begrundungcn  geben. 

Bel  DESY  scheint  mir  -  ira  Gegensatz 
zum    Fall    der    bemannten      Raumstation  - 
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Greeting  froa 

Pro/.  Joachim  Treusch 

President  of  the  Cera an  Physical  Society 


Herr  Bundosprbsident, 

DESYaner, 

Wounered  Guests! 

DESY  is  at  the  centre  of  interest  for 
the  third  time  this  year:  the  signing  of 
the  HERA  contract  in  April,  an  inconside- 
rate article  in  -Der  Spiegel-  in  August, 
and  its  birthday  celebrations  in  Septen- 
her.  What  should  one  say  about  it  all? 

It  has  always  been  a  problem  for  phy- 
sicists to  simultaneously  play  the  roles 
of  Faust  nnd  Hephisto  in  public.  They  are 
seen  as  bring  responsible  for  the  tran- 
sistor and  for  the  bomb,  fixed  on  the 
understanding  of  the  imaginable  and  the 
possible  and  even  there  very  specialised. 

The  question  "Basic  Research  -  Cur so 
or  Blessing?"  has  been  put  and  must  be 
answered.  I  cannot  and  do  not  want  to 
anticipate  Wolfgang  Panofsky,  but  one 
thing  appears  to  me  to  be  certain;  The 
public  dance  of  a  London  student  over  the 
supposed  "Death  of  a  Queen"  does  not 
contain  an  answer,  Everyone  can  see  that 
DESY  and  the  ladies  of  her  household,  in 
particular  DORIS  and  PETRA,  are  in  the 
best  of  health* 

This  over  and  above  jus  the  appear- 
ance, moves  the  physicists  and  especially 
the  German  Physical  Society,  to  thank  and 
publicly  congratulate  DESY.  I  don 't  want 
to  talk  on  "charm",  "t'aus"  or  "upsilons". 
There  are  other,  more  qualified,  people 
here  for  that.  Praising  HASYLAB's  succes- 
ses, which  1  understand  more  about,  would 
be  more  appropriate,  but  I  lack  the  tine. 
Let  me  give  a  few  general  reasons. 

It  appears  to  me  that  at  DESY  -  in 
contrast  to  the  vanned  space  station  -  it 
is  proved  that  the  scientific  uses  are  in 
good  proportion  to  the  effort  made.  We 
feel  the  effect  of  this  large  scale  re- 
search institute  working  at  the  bounda- 
ries of  knowledge  m  the  scientific  trai- 
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•rwieten,  dafl  d«r  wieeentchaf tliche 
Nutzen  in  guten  Vernal  tn  is  zum  Aufwand 
steht: 

Wir  spQren  die  Auaitrahlung  dieter  an 
den  Grenzen  der  Erkenntnie  arbeitenden 
Grofif  orschungeanlage  fQr  den  vissen- 
achaft  lichen  Nachwucha.  wir  arleben,  dafi 
Hamburg  run  Anziehungepunkt  fQr  die 
Internationale  Fachwelt  wird.  wir  wiaeen, 
dafi  die  Zuaaamenarbeit  DCSYs  mit  den 
Univereitaten  -  nicht  nur  gefordert, 
sondern  hier  run  Wohle  beider  inner 
gefdrdert  -  der  veaentliche  Antrieb  fur 
25  Jahre  lebendiger,  erfclgreicher  For- 
schung  war  und  waiter  sein  wird.  Wir  sind 
Qberzeugt,  dafi  diese  Forschung  rait  ihren 
Ergebnissen  auch  fQr  das  Selbetveretand- 
nis  einer  Kulturnation  ihren  Praia  wert 
ist. 

Spuren  sind  gefunden  worden,  Spuren 
worcjen  bleiben  ira  eich  andernden  Bild  der 
Welt,  zu  der  wir  gehoren.  DafQr  dank  en 
wir,  dazu  beglQckwOnschen  wir  die  Mitar- 
beiter  von  DESY,  dazu  gratuliere  ich 
Ihnen,  lieber  Htrr  Soergel. 

In  Namen  der  Deutachen  Physikalischen 
Geaellachaft  wunsche  ich  DESY  fQr  seme 
reiferen  Jahre  Weisheit  bei  der  Planting 
und  Partnerwahl,  Kraft  bei  der  Durchf (In- 
ning ihxor  Forschungeaufgaben  und  Erfolg 
bei  der  weiteren  Suche  nach  Erkenntnie. 


*** 

r*t*  list  Jirttt  ScitKt  (J7H1/S) 

nees.  We  see  that  Hamburg  has  become  a 
centre  of*  attraction  for  international 
experts.  We  know  that  the  cooperation  of 
DESY  with  the  universities  -  not  oniy  de- 
mandedt  but  also  improved  to  the  benefit 
of  both  sides  -  was  a  significant  force 
m  25  years  of  lively  and  successful 
research  and  will  continue  to  be  so.  We 
are  convinced  that  this  research  together 
witn  its  results  is  worth  its  price,  also 
for  the  conception  of  a  culture  nation. 

Tracks  have  been  found,  tracks  will 
remain  in  our  changing  picture  of  the 
world  to  which  we  belong.  Therefore  we 
thank  you  DESYaner  and  congratulate  you 
Herr  Soergel, 

In  the  name  of  the  German  Physical 
Society  1  wish  DESY  for  the  next  years 
wisdom  in  its  planning  and  choosing  of 
partners,  strength  m  the  execution  of 
its  research  tasks  and  success  in  the 
further  search  for  knowledge.  m 
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Grufladresee  vpo 

Or.  Peter  Fiecher-Appelt 
President  der  Unlversitat  Hamburg 


Grouting  froa 

Dr*  Peter  Fischer-At  pelt 

President  of  tne  University  o'  Hamburg 


Sehr  vcrehrter  horr  Bundespraeident, 
Herr  President  d»r  BQrgarschaft, 
lieber  Herr  Soergel, 
roeine  Damon  und  Herren! 

"Das  Deutsche  Elektronen-Synchrotron 
in  Hamburg -Bahrenf eld  1st  ohne  Zweifel 
alt  em  Glanzpunkt  der  Hamburger  Physik 
zu  bezeichnen".  Das  schrieb  1969  kem  Ge- 
ringerer  alt  Pascual  Jordan.  Heute,  15 
Jahre  spater,  1st  dieset  Urteil  woit  Qber 
Hamburg  hmaut  auf  die  ganze  Bundesrepu- 
blik  auszudehnen. 

Ich  freue  mich  ganz  besonders,  daB  ich 
heute  stellvertretend  £Qr  alle  Hitglieder 
Jer  Hamburger  Universit&t  zusanmen  mit 
Ihnen ,  *meme  Danen  und  Herren,  die  Sie 
bei  DESY  arbeiten,  das  2S]&hrige  Jubil&um 
Ihres  groBartigen  wissenschaf tlichen 
Unternehmens  begehen  kann.  Ich  Gberbnnge 
Ihnen  im  Zeichen  tiefer  Verbundenheit  die 
GrtiBe  und  die  basten  WQnsche  der  Univer- 
sitat  Hamburg  zu  diesem  Jubil&um. 

DESY,  me  me  Daraen  und  Herren,  vflrde  es 
vielleicht  nicht  hier  m  Kambirg  geben, 
worm  es  in  Hamburg  nicht  zuvor  sine  be- 
deutende  Tradition  physikalischer  For- 
schung  gegeben  h&tte.  Aus  ihr  sind  mehre- 
re  Nobelprexstr4ger  hervorgegangen ,  die 
in  den  zwanziger  Jahren  in  der  denials 
noch  ]ungen  hamburgischen  Universit&t 
geuirkt  haben.  Otto  Stern,  dor  1943  den 
Kobelpreis  fOr  Physik  orhielt,  hatte 
bereits  vor  seiner  Berufung  nach  Hamburg 
auf  den  Lehrstuhl  fQr  physikalische 
Chemie  im  Jahre  1923  die  tar  die  Quanten- 
physik  bahnbrechende  Entdeckung  des 
Stern-Gerlach-Effektes  gemacht.  tr ,  wie 
viele  andere  Hitglieder  unserer  Hoch- 
Bchulo,  mu&to  1933  Land  und  Unlversitat 
verlassen.  Zhrer  zu  gedenken,  ist  heute 
eme  besondere  Pflicht  und  em  tiefes 
Anliegen  des  Herzens. 

Cm  anderer,  der  hier  zu  nennen  ist, 
war  Wolfgang  Pauli,  das  sprichwortliche 
Gewi8sen  der  deutschen  Physik  in  der  Zeit 
dee  groflten  Aufbruches  in  diesem  Jahrhun- 


Herr  Bundesp resident, 
President  of  the  Burgerschaft, 
Herr  Soergel, 
Ladies  and  Gentleaenl 

"The  German  Electron  Synchrotron  in 
Hamburg-Bahrenteld  is,  witnout  dout,  one 
of  the  high  points  of  physics  in  War  • 
burg".  That  was  written  in  1969  '>y  no 
less  a  person  than  Pascual  Jordan.  Today, 
75  years  later,  this  judgement  has  to  be 
extended  throughout  ti  »  whole  T  the 
Federal  Republic. 

I  am  particularly  pleased  that  I,  on 
behalf  of  all  membt  s  of  the  University 
of  Hamburg,  can  taJte  part  in  the  25th 
anniversary  of  this  great  iscientific 
institute  tojetner  witn  you,  ladies  and 
gentlemen  who  work  at  DESY.  I  convey  to 
you,  as  a  sign  of  our  deep  collaboration, 
greetings  and  best  wishes  frca  the  Uni- 
versity of  Hamburg  for  this  anniversary. 

It  is  possible,  ladies  and  gentle  en, 
that  DESY  would  not  exist  in  Hamburg,  if 
there  hadn't  already  been  a  tradition  of 
physics  research  here.  It  goes  back  to 
several  Nobel  prize  winners,  who  worked 
here  in  tne  twenties  in  the  newly  founded 
university.  Otto  Stern,  who  received  the 
Nobel  prize  for  physics  in  1943,  had  made 
the  pioneering  discovery  for  quantum 
physics  of  the  Stern-Gerlach  effect  be- 
fore his  appoi n  tsent  as  Professor  of 
physical  chemistry  in  Hamburg  m  1923. 
He,  in  common  with  many  others  froa  our 
university,  had  to  leave  the  country  and 
university  in  1933  and  it  is  with  a  spe- 
cial responsibility  and  a  heartfelt  wish 
that  we  remember  them. 

Another,  who  should  be  named  here,  is 
Wolfgang  Pauli,  the  proverbial  conscience 
of  German  physics  during  the  time  of 
greatest  uprise  in  this  country.  He 
discovered  the  famous  .qui valence  theorem 
on  the  Rothenb&uach&usste  and  received 
the  Nobel  prize  for  it  later.  Isaac 
Isidor  Rabi  and  Hans  Jensen,  also  Jiobel 
prize    winners,      have    come    from  their 
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dert,  dor  auf  der  Rothenbaurachaussee  das 
berOhmte  Aquivalenz-Verbot  entdeckte  und 
spater  den  Nobelpreis  dafOr  erhielt. 
Isaac  Isidor  Rabi  und  Kans  Jensen,  zwei 
weitere  Laureaten,  sind  aus  lhrer  Schule 
hervorgegangen .  Es  ist,  rneine  ich,  koine 
geringe  SachOi  daB  eine  )ungo  Universitat 
in  ©men  so  vosentl ichen  Forschungsgebiet 
unseros  Jahrhunderts  wie  der  Physlk  so 
frQh  bahnbrecherxH  Entdockungen  aufzuvei- 
sen  hat,  und  deswegen,  rneine  Damon  und 
Herrcn ,  ist  es  aicher  auch  der  Genius- 
loci  geweoen,  der  in  dem  neuon  Anlauf , 
die  alten  Erkenntnisse  der  theoretischen 
Physik  oxperunontell  zu  vorif lzieren ,  in 
Hamburg  zum  Zuge  gekormen  ist. 

DESY  ist  heute  eino  Internationale 
Einrichtung.  Seine  >irektoron  Jontschke, 
Paul t  Schopper  und  Soergel,  von  denen 
drei  Profossoren  der  Hamburger  Univor- 
si  tat  sind,  haben  mit  lhren  Mitarbeitern 
ganz^  we sent 1 ich  dazu  beige tragen,  daB  der 
auslandische  Vorsprung  in  der  Elementar- 
teilchenphysik  in  den  letzten  25  Jahren 
eingeholt  worden  ist  und  die  deutsche  und 
ouropSische  Teilchenphysik  wieder  wolt- 
goltung  zuruckgovonnen  hut. 

Dieso  Erfolge  sind  ajch  auf  eine  nahe- 
zu  symbiotische  Zusanwenarbeit  zweier  auf 
diesem  Gel  and e  gelegener  Institute  der 
Hamburger  Universit&t  rait  DESY  zuruckzu- 
fQhron,  vor  allem  aber  auf  Weitblick, 
Wagemut  und  {Cooperation  und  den  spezifi- 
schen  Charrae  der  Wegbereiter  dieses  Un- 
ternthmens,  die  heute  zu  unserer  Freude 
alle  unter  una  sind.  Ein  Charrae,  der  uns 
me  hat  vergessen  lassen,  daB  die  gigan- 
tischen  Anlagen,  die  hler  errichtet 
worden  sind  und  noch  werden,  den  Blick 
mcht  verstellen  gegenQber  der  Mensch- 
lichkeit  des  forschenden  Geistes,  dor 
hier  ara  Werke  ist.  M5ge  zu  der  bewunde- 
rungswurdigen  Anstrengung  des  Fragens  das 
Quantchen  GlQck  hinzutreten,  das  nchtige 
An two r ten  gewahrt,  und  rooge  ira  Ungang  rait 
solchen  langersehnten  Antworten  und  neu- 
gestellten  Fragen  die  Besonnenheit  orhal- 
ten  bleiben,  die  uns,  zunal  an  den 
letzten  Grenzen  der  Erkenntnis,  vonnoten 
ist. 

Ich  entbiete  Ihnen  alien  den  herz lichen 
GlQckwtinsch  der  Hamburger  Universit&t. 


C'ei  ob  ration 


scnool.  It  is  perhAps  no  small  thing  that 
such  a  young  university  has  made  such 
pioneering  discoveries  in  an  important 
field  like  physics.  Therefore  ladims  and 
gentlemen,  it  was  certainly  the  genius 
loci  that  in  the  new  beginning  Hamburg 
was  one  of  the  places  where  tne  old  know- 
ledge from  theoretical  physics  was  expe- 
rimentally vonSied. 

Today  DESY  is  in  international  insti- 
tute, and  its  directors  Jentschke, 
Paul,  Schopper  and  Soergel,  three  of 
which  are  professors  at  the  Hamburg  uni- 
versity, and  its  staff  have  significantly 
contributed  to  the  fact  that  the  foreign 
lead  in  elementary  particle  physics  has 
been  caught  up  and  German  and  European 
particle  physics  has  won  back  inter- 
national recognition  over  tne  pasc 
25  years. 

These  successes  can  be  traced  back  to 
an  almost  symbiotic  cooperation  between 
the  two  institutes  from  the  University  of 
Hamburg  and  DESY,  and  most  importantly  to 
the  vision,  daring,  cooperation  and  spe- 
cific charm  of  the  pioneers  of  this  un- 
dertaking, who  aro  happily  all  here 
today.  This  charm  has  never  let  us  forget 
human  side  of  research  here,  despite  the 
huge  instruments  which  have  been  and  will 
be  built.  Let's  hope  that  the  admirable 
questioning  drive  receives  its  necessary 
quantum  of  luck  to  find  the  right 
answers,  and  let's  nope  that  in  dealing 
with  these  long  searched  for  answers  the 
thought  fulness  is  retained,  which  is 
necessary  at  the  lints  of  our  knowledge, 

I  bring  you  all  the  heaxtiest  congra- 
tulations froo  tne  University  of  Hamburg. 
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■Cmndlagenf  orschung  -  Fluch  oder  Sag  en?" 

Festvortrag  voo 

Prcf .  Wolfgang  K.  H.  Panofsky 


Sflhr  geehrter  Herr  Sundesprasident, 

liobor  Herr  Soergel, 

liebe  Fro  undo  und  Kollegenl 

Wir  haben  una  hier  versanwelt,  urn  das 
25j&hnge  JubilAura  von  DCSY  zu  feiorn.  Es 
freut  roich  sohr,  dafl  ich  an  diesera  Fast 
raitwirken  kann,  und  zvar  aus  mehroren 
GrQndon.  Erstei.s  ist  DCSY  ein  Schwester- 
mstitut  des  Stanford  Linoar  Accelerator 
Center,  kurz  SLAC,  das  zur  Stanford- 
Universit&t  in  Kalifornien  gehort  und  wo 
ich  seit  34  Jahren  ax  be  it  a.  SLAC  und  DCSY 
arbeiten  auf  Ahnlichen  Gebieten,  wir 
betreiben  beide  Cloktronenbeschlouniger 
und  Clektron-Positron-Speicherringe, 
unsoro  'Institute  haben  fihnliche  GroQe, 
wir  habon  beido  ungef&hr  die  gleiche  Zahl 
von  Mitarboitom  und  wir  fangen  beide 
jetzt  an,  Kollisionsmaschmen  neuer  Art 
zu  bauen.  Zum  andoron  bin  ich  sehr  game 
hier,  um  DCSY  zu  don  groBon  Fortschritten 
dor  Wissenschaft  zu  gratulieren,  die  von 
hier  m  bowegung  gosetzt  werdon.  Und 
schlieOUch  ist  dies  fur  raich  om  senti- 
mentalor  Besuch.  Von  1919  boi  1934  lobte 
ich  als  Kind  in  Hamburg,  ich  wurde  an  der 
Goleh^tonschulo  des  Johanneums  erzogen, 
und  moin  Vater  lohrto  an  dor  UnivorsitAt 
Hamburg. 

Die  Arbeit  von  DCSY  ist  Teil  der  veltum- 
spanncnden  Unternohnung ,  die  zum  Ziel 
hat.  die  Geheimnisso  der  Natur  zu  ent- 
hQllon.  Sit*  wissen  alio,  daS  seit  der 
Zeit  dor  alton  Crie  hon  der  Kensch  wisoon 
wollto,  au8  wolchon  Baustemen  beme  Welt 
konstruiert  soi •  Der  klemsto  Toil  der 
Hatorie  der  selbst  noch  "derselhe"  ist, 
wurde  von  don  Gnechen  "atoraos"  d.h. 
"unteilbar"  genannt.  Inzwischen  wis  son 
wir,  dafi  das  Atom  nicht  unteilbar  ist. 
Wir  wissen,  dafl  es  omen  Durchmesser  von 
ungtfahr  10"8  cm  hat,  das  bedeutet,  dafi 
om  Schnitt  durch  das  menschliche  Kaar 
etwa  cine  Million  Atone  durchquert.  heute 
sind  die  Physiker  zu  dem  ziemlich  unvor- 
stall  bar    klomen  Abstand  von  10~16  cm  - 
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"Basic  Research  -  Curse  or  Blessing?" 

Celebiatory  Lecture  from 
Prof,  Wolfgang  A*.  H.  Panofsky 


Honoured  Herr  Sundesprasident, 

Dear  Herr  Soergel, 

Dear  Friends  and  Colleagues! 

We  are  gathered  here  in  order  to  cele- 
brate the  25th  Anniversary  of  DESY,  I  am 
particularly  pleased  to' participate  in 
this  celeL  .don  for  several  reasons. 
First,  DESY  is  a  sister  institute  to  the 
Stanford  Linear  Accelerator  Center  -  SLAC 
for  short,  which  is  a  part  of  Stanford 
University  in  California,  which  has  been 
ay  place  of  work  for  the  last  34  years. 
SLAC  and  DESY  work  oi  similar  topics  -  we 
both  operate  electron  accelerators  and 
electron-positron  storage  rings.  Our 
institutes  are  of  similar  Vize  and  we 
have  about  the  same  number  of  staff 
members  t  We  both  are  now  Jtartmg  to 
build  colliding  beam  machines  using  new 
principles. 

Secondly t  I  am  pleased  to  be  here  in 
order  to  congratulate  sESY  on  the  great 
progress  m  science  which  hay  been  set  in 
motion  from  here.  But  m  addition  this 
visit  is  for  me  a  sentiaentaJ  occasion.  I 
Jived  in  Hamburg  as  a  child  from  7  919 
untiJ  7  934.  I  was  educated  at  the  Gelehr- 
tenschule  des  Johanneums  and  oy  father 
taught  at  the  University  of  Hamburg, 

DESY's  work  is  a  part  of  the  worldwide 
effort  whose  ooa 1  is  to  discover  the 
secrets  of  nature.  We  all  know  that  since 
the  time  of  the  ancient  Greeks  it  has 
bee.i  a  human  aspiration  to  know  from 
which  building  blocks  the  world  is 
constructed.  The  smallest  part  of  matter 
which  in  itself  is  still  "the  same"  was 
called  by  tne  Greeks  "atom"  or  "indivi- 
sible". Today  we  know  that  the  atom  has 
approximately  a  diameter  of  70"^  cm;  this 
means  that  a  cut  through  a  human  hair 
crosses  approximately  one  million  atoms. 
Today  physicists  have  advanced  to  the 
unimaginably  small  distance  of  70"'^  ^  m 
70"fl  *  70"fl  cm,  DESY  has  contributed  a 
great  deal  to  this  progress.  We  can  now 
resolve  items  which  Are  smaller    than  the 
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10"8  x  10~8  on  vorgedrungen.  Dim  let  ein 
Fortschritt,  zu  dm  DESY  recht  viel  bei- 
getregen  hat.  Si*  konnen  jetzt  Ding* 
auflSsen,  die  ura  d«n  gl«ichen  Faktor 
kleiner  ale  ein  Atom  mind,  urn  d«n  ein 
Atom  kleiner  als  ein  Zentimeter  lit. 

Die  modern*  Wissenachaft  dringt  gleich- 
zeitig  sowohl  zur  "Crenze  dea  Kleinen" 
als  auch  zur  "Crenze  des  GroBen"  vor, 
einmal  durch  die  Elementarteilchenphyaik, 
zum  anderen  durch  Kosmologie  und  Welt- 
raumforschung.  Es  i»t  be  sonde."  5  bener- 
kenswert,  daB  sich  diese  Gebiete  in  den 
letzten  Jahren  gegenseitig  stutzen  -  un 
die  Ereigniese  in  Wei tall  zu  verstehen, 
braucht  man  die  Resultate  der  Teilchen- 
physik. fieide  Gebiete,  Raumf  one  hung  und 
Teilchenphyiik,  brauchen  groBe  Apparatu- 
ren.  Un  kleine  Dimensicnen  zu  erforschen, 
muB  man  den  Probe teilchen  cine  sehr  gro&e 
Energie  erteilen;  dies  folgt  aus  dem 
Uhsicherheitsprinzip  von  Heisenberg,  nach 
dem  *eine  kleine  Dimension  nur  festgelegt 
werden  kann,  wenn  man  sie  mit  Teilchen 
vc  hoher  Energie  untersucht.  Deshalb 
bezeichnen  heu'ee  Hochenergiephysik  und 
Teilchenphyiik  dasselbe  Gebiet.  In  dem 
H&fle,  wie  die  Energie  unserer  Beschleuni- 
ger  und  Speicherringe  w&chst,  konnen  wir 
inner  kleinere  Dimensionen  erforschen. 

Aber  dies  ist  nicht  alles.  Nicht  nur 
ist  die  Physik  der  h&chsten  Energien  und 
die  Physik  der  kleinsten  Teilchen  die- 
selbe,  sondern  auch  unsere  Erforschung 
des  Weltalle  stQtzt  eich  mehr  und  mehr 
auf  die  Ergebnisse  der  Teilchph>sik.  Die 
Rogeln,  die  die  Energieerzeug'.ng  in  den 
femen  Regionen  des  Kosmos  beatimnen, 
beruhen  auf  Resultaten,  deren  Ursprung  in 
Laboratonen  wie  DESY  zu  suchen  ist.  So 
sehen  wir,  daB  die  Teilchenphysik  die 
rtolle  des  groBen  Vereinigers  der  ver- 
schiedenen  Gebiete  der  Naturvissenschaf t 
angenomnen  hat.  Es  ist  3a  nicht  sehr 
Oberraschend i  daB  dann,  wenn  man  die 
fundamentelen  Bausteine  der  Materia  und 
die  Kraft©,  die  diese  Bausteine  zusamnen- 
halten,  etwas  besser  versteht,  auch  viele 
andere  Gebiete  der  Natur  verstandlich 
werden. 

DarQber  hinaus  ist  die  Teilchenphysik 
aber    auch    ein  Vereiniger  von    Ken sc hen. 


Celebration 
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size  of  an  atom  by  the  save  factor  by 
which  the  atom  is  smaller  then  I  centi- 
meter. 


Modern  science  attacks  simultaneously 
tlte  "limits  of  the  small"  through  elemen- 
tary particle  physics  end  the  "limits  of 
the  large"  through  cosmology  end  space 
exploration.  It  is  particularly  worth 
emphasizing  that  during  the  lest  years 
these  two  have  been  actually  reinforcing 
-  in  order  to  understand  the  phenomena  m 
outer  spece  one  needs  the  results  of 
particle  physics.  Both  topics  of  research, 
space  exploration  and  particle  physics, 
require  large  apparatus.  In  order  to 
explore  small  dimensions  one  must  give 
very  high  energy  to  the  particle  probes; 
this  follows  from  the  Uncertainty  Prin- 
ciple of  Heisenberg  which  states  that  a 
small  dimension  can  be  determined  only  xf 
it  is  probed  with  particles  of  very  high 
energy.  For  this  reason  today  high  enert/j 
physics  end  particle  physics  designate 
the  same  topic  of  research.  Ay  the  energy 
of  our  accelerators  and  storage  rings 
grows  we  can  explore  smaller  and  smaller 
dimensions  m  proportion.  But  this  is  not 
all.  Not  only  is  the  physics  of  the 
highest  energies  end  the  physics  of  the 
smallest  particle  the  same  thing,  but  so 
does  the  exploration  of  the  cosmos  rest 
more  and  more  on  the  results  of  perticle 
physics.  The  rules  which  determine  the 
generation  of  energy  m  the  fajr  regions 
of    spece    derive  from  the  results  which 
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ohyeiker  und  andera  wiieenschef tlir ,  die 
•v  der  g an t en  welt  «uf  diesea  Gebiet 
arbeiten,  kennen  und  reepektieren  aich 
gegeneeitig.  Ea  gibt  keine  Gehei*niaee  in 
der  Teilchanphyeik.  Alle  neuen  Aeeultate 
werden  prompt  publiriert.  Wo  eich  Teil- 
chenphyeiKar  treffen*  hfirt  nan  elle  Spra- 
chan.  Wieeenechaf tliche  Vortrage  werden 
in  vielen  Llndern  Qblicherveiee  in  einar 
Sprache  -  Engl itch  -  gehalten,  unabhlngig 
von  der  Netionalitlt  dee  Spree  hers  oder 
dee  Ortee.  Xch  halte  dieee  Rede  in 
Drutech,  derm  una  ere  Horer  hier  eind  j* 
nicht  *lla  Naturwieeenecheftlar  und 
Techniker !  £e  iet  ••*ur  wichtig*  daft  die 
Rolle  der  Tellchenpnyeik  nicht  nur  von 
Spezi^lieten  anerkannt  vird,  eondern  deS 
euch  all ^n  StaatabQrgern »  die  dae  nfitige 
Xntaraeee  aufbringen,  die  Gelegenheit 
gegaben  vird,  diaeee  Pach  ru  veretehan. 
Denn  **ir  nOeeen  3a  alle  geraelnean  fdr  die 
Koetan  aufkotraen,  die  ar f order lich  eind, 
ura  woiterhin  Teilchenphyeik  betrelben  ru 
kor    .1.  " 


nave  originated  in  laboratories  such  aa 
DESY,  Me  see,  therefore,  that  the  results 
of  pTticl^  physics  have  aaauved  the  role 
of  the  greet  unifier  of  different  p*rts 
of  nstur^l  science.  It  is  not  vary 
surprising  that  tha  iep roved  under- 
standing of  the  fundaffentel  building 
blocks  of  aetter  and  of  the  forces  which 
link  theae  building  blocks  leada  «i*0  to 
improvd  understanding  of  »any  other 
phenoatent  in  nature. 

We  aaa  that  particle  physics  is  a 
greet  unifier  of  different  topica  0/ 
science.  However,  particle  physics  is 
elao  a  unifier  of  people.  Phyaiciata  and 
other  sc-entists  who  throughout  the  world 
work  on  thia  subject  know  one  another  and 
sh*re  a  autuel  reapect.  there  are  no 
aecreta  in  particle  phyaica.  Jill  new 
result*  are  published  promptly.  Jit 
aeetings  of  phyaiciata  d^tlmg  with  thia 
topic  one  haers  all  language*.  Technical 
lectures  in  eany  count riea  are  generally 
delivered  in  only  one  lenyueye  -  English- 
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In  be in ah*  alien  Landero  dor  Welt  gibt 
••  Hochtn»rgi»-L*boratori«n .  Dm  erste 
Bild  xeiqt  euf  einer  Weltkarte  die  St  and  - 
orU  saatlichar  Maschinen,  rait  denan 
Tail  Chen  auf  Energien  von  »«hr  alt  einer 
Milliards  Elektronenvolt  beschleunigt 
warden  Wnntn ,  die  entweder  bereita  in 
Betrieb  Oder  noch  in  Bau  find.  Diese 
Laboratories)  batraiban  Anlagcn  verschie- 
danar  Art:  Beechleuniger  odar  Speicher- 
ringe,  Flektronen-  odar  Protonen-Haschi- 
nan  ►  ■  :hwache  strahlan  odar  intsnsive 
Strahlen.  Jada  Haschifte  i»t  besonders 
leistungtfahig  in  ihram  Spexialgebiet. 
Die  ideala  Haschine  fur  alia  Zvecke  i«t 
noch  nicht  erfunden  und  i»t  auch  nicht 
erfindbar,  erne  "baste  Haschine  ^er  Walt" 
fOr  die  Teilchenphysik  gibt  as  nicht.  Ich 
batone  dies*  urn  ihnen  zu  veranschauli- 
chen  ►  dafi  die  Internationale  Zu  seamen  - 
arbeit  in  dissem  Cebiet  nicht  nur  d#r 
intemationalan  Kultur  und  dea  mtena- 
tionalen  Frioden  und  der  Verstandigung 
dient,  sondern  such  rain  wissenschaf tl ich 
notwendig  ist. 

Lassen  Sie  mich  drei  Soispielo  erweh- 
nan-  FOr  die  Untersuchung  der  Struktur 
dos  Protons  mit  h&chster  Auflosung  wird 
zweif  alios  HERA  hi  or  in  Hamburg  die  baste 
Haschine  sem.  Hit  dera  Speicherrmg  LEP, 
der  Jetzt  ua  CERN  gebaut  wird,  wird  as 
moglich  sem,  die  so  erfolgreiche  Kathode 
der  Elektronen-positronsn-Kollisionon  auf 
hfichstc  Energien  auszudehnon.  Ua  die 
langst  entdockten  ZO-Teilchen  reichlich 
und  verh&ltmsmafiig  billig  zu  erzeugen 
und  urn  gleichzeitig  oine  neue  Kollisions- 
technik  zu  domon*vr leren ,  ist  der  Stan- 
ford Linear  Collider  box  uns  in  Kalifor- 
nien  die  on  bosten  geeignete  Maschme. 

Das  Ziel  der  Teilchenphysik  ist  die 
Grundlagcnforschung  an  der  Katerie.  Aus 
der  Geschichte  wissen  wir ,  dafi  die 
Grundlagenf  orschung  utner  zu  Anwendungen 
gefuhxt  hat.  In  wolchem  Gebiet  die  Teil- 
chenphysik Anwendung  finden  wird  oder  ob 
lhre  Resultate  Qberhaupt  zu  emer  Anwen- 
durxj  fOhren,  wissen  wir  natOrlich  nicht. 
Aber  wir  rausseri  uns  daran  ermnern,  da6 
beispielsveise  die  Kernphysiker  in  den 
30er  J&.xen  auch  nicht  an  praktische 
Aiiwendungen  dachten.  Der  gro&e  engiische 
Physiker  Err.ost  Rutherford,  der  Entdecker 
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independent  of  the  nationality  of  the 
speaker  or  the  locale  of  the  lecture,  I 
as)  delivering  this  talk  in  German  since 
our  auditor*  are  not  ell  technicel 
people!  It  is  particularly  important  ttzt 
the  role  of  particle  ph'js<cs  is  not  oniy 
recognized  by  specie J  ist*  but  tbat  ell 
citizens  who  shere  the  required  interest 
heve  the  opportunity  to  understand  this 
subject.  After  ell,  we  are  ell  paying  the 
bill  for  the  necessary  costs  to  carry  on 
work  on  this  topic. 

Laboratories  which  ere  active  in  this 
field  exist  in  aJaovt  ell  countries  of 
the  world.  The  first  figure  indicates  on 
a  nap  of  the  world  the  locetion  of  ell 
machines  which  are  eitter  in  operet  >n  or 
still  under  construction  which  eccelerete 
atoaic  perticles  to  energies  in  excess  of 
one  biJJion  eJectron  voJt*  (GeV),  There 
is  not  such  a  thing  as  "the  best  mechiue 
in  the  world*  for  perticle  physics.  These 
laboratories  operete  mstelletxons  of 
many  kinds:  ecceleretors  or  storege 
rings,  electron  or  proton  machines,  week 
be Aas  or  xntensxve  betas,  Each  aechme  is 
particularly  effective  in  exploring  a 
speciaJ  topic;  the  ideal  machine  for  all 
purposes  has  not  been  invented  and  is  not 
mventable.  1  am  eaphasixmg  these  facts 
in  order  to  convince  you  that  internatio- 
nal collaboration  in  this  field  does  not 
only  serve  international  culture  and 
international  peace  and  understanding  but 
is  also  necessary  for  purely  scientific 
reasons . 

I  would  like  to  give  three  current 
exaaples  of  the  above.  in  that  region  of 
research  in  which  one  wishes  to  under- 
stand ine  structure  of  the  proton  at  the 
highest  level  of  detail  HERA  here  in 
Hamburg  will  be  without  doubt  the  cost 
effective  aechme.  In  order  to  extend  the 
technique  of  elementary  particle  colli- 
sions (which  has  been  so  successful )  to 
the  highest  energy  the  LEP  storage  ring 
in  Geneva  which  is  now  being  built  at 
CERN  is  without  question  the  best  tooJ. 
In  order  to  produce  the  recently  dis- 
covered 20  particles  jn  Jarye  guantity 
and  relatively  cheaply  and  in  order  to 
demonstrate  simultaneously  a  new  techno- 
logy   for  col.iders,    the    SLC  (Stanford 
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du  At«Ocirai(  erklarte  einaal:  "War 
sagt,  daft  di»  Karnenergie  auegabeutet 
warden  kann,  d«r  redst  Utasinn.'*.  Abar 
hsuts  haben  wir  Nuklearaedizin ,  Kecaraak- 
toren,  Kernkraf  twerke  -  und  Atxsrboaben! 
Der  Beitreg  der  JGernphysik  stir  Msdixin 
1st  xveifellce  sum  Bestjn  der  Menschheit. 
Ich  pereonlich  glaube,  de£  dies  auch  fOr 
die  Kernkraf  twerke  gilt*  obglsich  ss 
dirflbc  visl  strait  gibt.  Dis  Kernwaffen 
aber  eind  sins  Last,  die  die  Hsnschheit 
jetxt  jeu  tregen  hat.  Abar  trctxdaa  -  odar 
vielleicht  gerade  wegen  dar  Abschreckung 
durch  dia  Bonben  t  hat  a*  eeit  39  Jahrao 
k  sin  en  Weltkrieg  gagabao  *  daa  ist  vial 
linger  ale  dar  kurzs  Fried  en  zvi echen  dai 
Ersten  und  dea  Zweiten  Weltkrieg.  Schul- 
dan  wir  dan  Kernvaff an  alto  Dank  fOr 
diessn  langen,  abar  doch  irgendwie  er- 
swungenen  Fried  en?  Sind  dis  Reeultate  dar 
Kernphyeik  Fluch  odar  Sagan?  Ward  an  die 
sukunftigen  Reeultate  dsr  Teilchenphysik 
von  DESY  und  andaran  Inst  itu  tan  dar 
Grundlegenf  or  tenting  Fl»xh  odar  Sag  en 
aaxn?  Ea  gibt  venige  Frag an,  dia  vich ti- 
ger far  die  Zukunft  dar  Walt  eind,  ale 
dieee. 

FOr  den  Staatsburger ,  dar  sich  Ober 
die  Bedrohung  durch  dia  Kernwaffen  odar 
.  Qber  die  Vsrschswtxung  der  (Jtawelt  be- 
klagt,  ist  ee  einfach ,  die  Varantwortung 
*jf  die  Wissenschaft  abtuvalzen •  Dee  ist 
bequen,  abar  falsch.  Die  Gesetae  dar 
Natur  existieren,  glaichgQltig  ob  dar 
Hansen  ale  heute,  aorgen  odar  Obernorgen 
entdeckt.  -  Zura  Beiapiel  wissen  wir 
heute  f  dad  der  ereta  Kernreaktor  nicht 
von  Fernt  und  eeinen  Mi  tar  be  item  in 
Chicago  1943,  vahrend  dee  Kriegee,  gebaut 
wurde*  aondem  daB  baraite  vor  zwei  Mil- 
liarden  Jahren  aine  Explosion  aufgrund 
von  Kerns  pal  tung  von  der  Natur  in  Gabon 
an  der  Weetkuete  Afnkas  ausgelost  wurdel 
Dae  vurde  vor  zvolf  Jahren  durch  die 
Analvse  dee  Erzss  in  einssi  Uranborgverk 
entdsc-.  -  Dar  Henschheit  einfach  das 
Wissen  ru  versagen,  ist  keine  Antwort  auf 
dieee  schvierigen  Fragen. 

Die  Oberg&nge  von  dar  reinen  Grund la- 
gs n  for  sc  hung  rur  technischen  Nutzanwen- 
dung  und  von  da  rur  Maesenproduktion 
bilden  aine  lange  Kette.  ihre  Glieder 
eind;     Experinentelle    und  theoretische 


Linear  Collider)  which  we  are  building  in 
Calxtornia  is  the  «ost  suitable  device. 

The  goal  of  particle  physics  is  basic 
rise ercn  on  the  nature  of  matter*  Histo- 
rical iy  we  know  that  basic  research  has 
always  led  to  applications.  We  do  not 
know,  of  course*  in  which  direction  par- 
ticle physics  will  find  application*  or 
in  fact  whether  the  results  of  the 
physics  of  sleaentery  particles  will  find 
any  application*  But  wa  srust  remind  our- 
selves that  the  nuclear  physicists  in  the 
/930  decade  did  not  think  about  practical 
applications.  The  great  British  physicist 
trass t  Rutherford,  the  discoverer  of  the 
nucleus,  declared  mho  says  that  nuclear 
energy  can  be  practically  used  speaks 
moonshine."  But  todsy  we  have  nuclear 
aatter  from  nuclear  reactors  and  nuclear 
power  plants  -  and-  nuclear  bombs t  The 
contribution  of  nuclear  physics  to  medi- 
cine  is  without  qusstion  a  boon  to  aan- 
kindi  I  believe  personally  that  these  is 
also  the  case  for  nuclear  power  plants* 
although  this  is  a  controversial  aetter. 
Nuclear  weapons,  however,  are  a  burden 
which  humanity  now  has  to  carry*  But  in 
spite  of  this,  or  may  bs  through  the 
threat  of  bombs,  there  has  not  been  a 
world  war  for  39  years  -  much  longer  than 
the  short  period  between  Che  first  and 
second  world  wars*  Do  we  owe  thanks  tc 
nuclear  weapons  for  this  long  but  somehow 
coerced  peace? 

Are  the  results  of  nuclear  physics  a 
curse  or  a  blessing?  Are  Che  future 
results  of  particle  physics  genera  tad  by 
DSSY  or  other  fundamental  research  insti- 
tutes a  curse  or  a  blessing**  There  are 
few  questions  which  are  more  isportant 
for  the  future  of  the  world  then  these* 

It  is  very  simple  for  the  citizen  who 
is  1  amen  ting  th e  threat  of  nucl ear 
weapons  or  the  degradation  of  the  envi- 
ronment to  place  the  responsibility  on 
science*  This  is  simple  but  wrong*  The 
laws  of  nature  exist  irrespective  of 
whether  man  discovers  them  today*  tomor- 
row, or  Che  day  after  Coeorrow.  For 
example,  we  know  today  thjt  Che  first 
nuclear  reactor  was  not  produced  by  Fermi 
and    his  collaborators  in  Chicago  during 
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Grundlagsnf ortchung  -  Synthase  von  Resul- 
taten  -  Erf  indung  ©mar  Anvendung  -  Ent- 
vicklung  einss  Produktes  -  Test  eines 
Prototypen  -  Ausvertung  -  und  dann  end- 
lich  Produktion  und  Verteilung. 

Nut  das  srste  Glied  dieser  Kette  be- 
trifft  die  Entdeckung  der  Eigenschaften 
der  Natur  -  Eigenschaften,  die  ohne 
unser  2utun  towieso  existieren  und  ein 
leil  unserer  Uavelt  sind,  egal  ob  wir  sie 
erf  or  b  chen  und  verstehen  cder  nicht .  Die 
voltaren  Glieder  dsr  Kette,  angefangen 
mit  einem  Vorschlag  zur  Anwendung  bis  zur 
Production  und  Verteilung,  sind  unter  der 
Xontrolle  des  Henschan:  Wenn  der  Hensch 
ein  Prcdukt  nicht  entvickelt,  gibt  es 
dieses  Produxt  eben  nicht.  Die  groBe 
Frage  ist  deshalb:  Sind  die  organisierten 
Institutionen  der  Henschheit  und  die 
indi  vidua  lie  Starke  des  Einzelnen  fahig, 
bezOglich  dieses  Anvendungspfads  wise 
Lntscheidungen  zu  treffen?  Heine  Uberzeu- 
gungr  i«t,  dad  die  Henschen  und  ihre 
Institutionen  in  Durchschnitt  bessere  und 
sicherere  Entscheidungan  Qber  die  Anven- 
dung  eines  Naturgesatzes  treffen  warden, 
venn  sis  -tie  Gr  und  lag  en  dieses  Naturge- 
satzes verstehen. 


the  war  in  1943*  but  that  a  nuclear 
fission  explosion  was  released  by  nature 
in  Canon  on  the  vest  coast  of  Africa  two 
billion  years  ago/  This  fact  was  dis- 
covered 12  years  ago  by  analyzing  the  ore 
produced  in  a  uranium  mine  at  that  loca- 
tion. To  deny  knowledge  to  humanity  is  no 
answer  to  these  difficult  questions. 

The  transition  from  basic  science  to 
useful  technical  application  and  finally 
to  mass  production  constitutes  a  long 
chain.  The  links  of  this  chain  are: 
-  experimental  and  theoretical  basic 
research  -  synthesis  of  results  -  inven- 
tion of  an  application  -  development  of  a 
product  -  tests  on  a  prototype  -  evalua- 
tion -  production  and  distribution, 

Oniy  che  first  link  in  this  chain  is 
dedicated  to  the  discovery  of  the  proper- 
ties of  nature  -  these  properties  exist 
without  our  participation  at  any  account; 
they  are  a  part  of  our  environment 
whether  we  explore  them  or  understand 
them  or  whether  we  do  not.  The  further 
links  of  this  chain,  starting  with  the 
proposal  for  an  application  and  ending 
with    production    and   distribution,  axe 
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Es  itt  sehr  leicht,  zu  bekJagen,  vie 
gevisse  Einf  lilsse  der  Technik  das  Leben 
kompliziert  haben.  Man  muB  solche  Nach- 
teile  aber  gegen  die  der  Katastrophe 
abvagen,  die  nch  entvickeln  vQrde.  wcnn 
man  vertucbte,  die  existierende  und  ru- 
kunftige  Koltbevfllkerung  ohne  veitere 
teclinische  Entwicklungen  zu  emahren,  zu 
bekleiden,  ihr  Wohnungen  zu  geben,  eie  zu 
transport  ieren  und  zu  beschQtzenl 

Die  Technologie  hat  den  Austausch  von 
Nachrichten  zwiechen  den  Men §c hen  aller 
Lander  erleichtert.  Ein  Reseultat  ist, 
daB  Geheimnisse  viel  schwieriger  gehein 
zu  halten  sind,  sowohl  in  privaten  vie  im 
Sffentlichen  Leben.  Obgleich  dies  im 
Pri  vatleben  gelegentlich  recht  unbequen 
a*in  nag,  nuB  man  zugeben,  dafl  interna- 
tional gesehen  dieaer  Unstand  ein  wichti- 
ger  Schritt  run  Frieden  sein  kann.  Die 
Satelliten,  die  jetzt  die  Erde  umkreisen, 
haben  viole  Geheimnieachranken  beseitigt. 
RQ stung  in  aller  Welt  zu  kontroll ieren, 
irt  Qberhaupt  nur  vors  tell  bar,  weil  die 
Satelliten  und  Radaranlagen  beispiels- 
veise  auch  Qber  oder  durch  den  Eisernen 
Vorhang  beobachten  kOnnen.  Das  ResMltat 
all  dieter  technischen  Entwicklungen  ist, 
daB  wir  jetzt  in  einer  viel  off eneren 
Welt  leben  als  im  letzten  Jahrhundert. 

Die  Zukunft  der  Zivilisetion  ist  zum 
groSen  Teil  vom  Fortschritt  der  Technolo- 
gie abhangig;  der  wiederum  hangt  von 
Fortschritt  der  Grundlagenf orschung  ab. 
Deshalb  gibt  es  in  der  Welt,  in  der  wir 
leben,  keine  Alternative  zur  gesell- 
schaft lichen  Pflicht,  die  vissenechaf  t- 
liche  Forschung  intensiv  zu  betreiben. 
Die  einzigc  Frage  ist:  Wis  intensiv? 

Die  Grundlagenf orschung  kostet  Geld 
und  Arbeit.  Wenn  Landwirtschaf  t  oder 
Industrie  in  Schwierigkeiten  sind,  hort 
man  oft  die  Frage:  "Ja  k&nnen  wir  uns  die 
Grundlagenf  orschung  denn  Qberhaupt 
leisten?"  Die  Antwort  lautet,  daB  wir 
ohne  Grundlagenf orschung  keine  gesunde 
Technik  und  Okonomie  betreiben  konnen! 
Oies  v&re  ein  Baum  ohne  Wurzeln,  der 
nicht  lange  gedeihen  konnte.  Wenn  dae 
Geld  knapp  ist,  erscheint  es  isner  als 
einfachste  L6sung,  alles  zu  verse  Mc  ben , 
was  nur  der  weiteren  Zukunft  gewidmet 
ist.  Aber  wer  so  handelt,  verpfandot  die 
Zukunft. 
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under  the  control  of  humanity:  If  Ban 
does  not  develop  such  a  product  then  this 
product  does  not  exist.  The'  great 
question  is  therefore:  Are  the  organized 
institutions  of  humanity  and  the  indivi- 
dual strength  of  mankind  capable  of 
making  wise  decisions  about  this  path 
towards  application?  My  conviction  is 
that  mankind  and  its  institutions  on  the 
average  make  better  and  more  certain 
decisions  concerning  the  application  of  a 
natural  law  when  they  understand  the 
basis  of  such  a  law  of  nature. 

It  is  very  easy  to  complain  that 
certain  influences  of  technology  have 
complicated  life.  Oris  must,  however, 
compare  such  aggravations  with  the  cata- 
strophe which  would  arise  if  one  attemp- 
ted to  feed,  to  clothe,  to  house,  to 
transport  and  to  protect  the  existing  and 
future  population  of  the  world  without 
further  technical  developmental 

Technology  has  eased  the  exchange  of 
information  among  people  of  all  coun- 
tries. A  result  is  that  secrets  are  more 
difficult  to  keep  secret  both  in  private 
and  m  public  life.  Although  this  becomes 
rather  uncomfortable  in  private  affairs, 
one  must  admit  that  internationally  this 
circumstance  can  be  an  important  step 
towards  peace.  The  satellites  which  now 
encircle  the  earth  have  removed  many 
secrecy  barriers.  The  control  of  weapons 
in  the  world  is  imaginable  because  the 
satellites  and  radar  can  accomplish  their 
observations  above  and  through  the  Iron 
Curtain.  The  result  of  all  these 
technical  developments  is  that  we  now 
live  in  a  much  more  open  world  than  in 
the  previous  century. 

The  future  of  civilization  is  to  a 
large  extent  dependent  on  progress  in 
techn ol ogy ,  In  turn,  th e  progress  of 
technology  depends  on  progress  in  basic 
research.  Therefore  throughout  tho  world 
in  which  we  live  there  is  no  alternative 
to  the  duty  of  human  society  to  carry  out 
scientific  research  intensively  -  the 
only  guestion  is  how  intensively. 

Basic  research  requires  money  and 
work.  When  the  economy  or  industry,  are  in 
difficulty    one  often  hears  the  question, 
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Bild  2  zeigt  schec  atiech ,  wie  sich  die 
Koston  lings  dor  Entwicklungskette  von 
der  Grundlagenf orechunng  bis  zur  endgOl- 
tigen  Herstellung  verteilen.  Man  sieht, 
dafi  die  Grundlagenforschung  nur  einen 
wmzigen  Bruchteil  der  Gesamtentwick- 
lungskosten  verursacht.  Auf  der  anderen 
Seite  aber  gibt  as  ohne  die  Grundlagen- 
forschung das  technische  Endprodukt  uber- 
haupt  nicht:  Die  Grundlagenforschung  ist 
der  Samen  fur  alle  technischa  Weiterent- 
wicklung.  Ein  beispiel  hierzu:  Das  Prm- 
zip  des  Lmearbeschleunigers  wurdo  vor 
dent  Zweiten  WeltJcrieg  entdeckt  und  tait 
einem  Forschungs  auf  wand  von  ungefahr 
cmer  Million  DM  in  die  Wirklichkeit 
umgesetzt.  Diese  Ent<*icklung  hat  zu  einem 
ganzen  Indus triezweig  gef Qhrt ,  der  Line- 
ar be  schleumger  zur  Krebsbestrahlung  her- 
stellt.  Der  Gesamtpreis  der  bishor  an 
KrankenhSuser  gelieferten  Linear  beschleu- 
niger  betragt  10  Milliarden  DM. 

Durch  theoretische  und  experunontelle 
Grundlagenforschung,  dero  ersten  Glied 
unserer  Entuicklungsketto ,  werden  sichor- 
lich  auch  in  der  Zukunft  neue  wahrheiten 
aber  die  Natur  entdeckt.  Deshalb  tnufi  die 
Antwort  auf  die  Frage  "Grundlagenf or- 
schung  -  Fluch  oder  Segen?"  Probleme  der 
Moral  und  der  Politik  berucksichtigen  und 
in  Rechung  stellen,  wie  die  Gesellschaft 
auf  Entdockungen  aus  der  Grundlagenfor- 
schung reagiert.  Kann  der  Kar.sch  die 
Resultate  d**r  forschung  in  konstruktive 
Richtungen  lenken  und  gleichzeitig  die 
zerstCrenden  Folgen  vermeiden? 

Nirgends  ist  die  Frage  wichtiger  als 
m  der  Militarpolitik.  Die  Natur  hat  uns 
die  Mittel  gegeben,  die  Zivilisation  auf 
der  Erde  zu  vernichten.  Ich  sage  "die 
Natur",  nicht  "die  Wissenschaf  t" ,  denn 
ich  bin  uberzougt,  dafi  sich  jedes  Geheim- 
nis  der  Natur  ernes  T&ges  offen  zeigen 
wird.  Die  Kraft  der  Kemwaffen  ist  die- 
selbe  wie  die,  welche  die  Sonne  und  die 
Sterne  mit  Brennstoff  versorgt. 

Zur  Zeit  gibt  es  ungefahr  50  000 
Nuklearsprengkorper  in  der  Welt,  ungefahr 
gleichmafiig  verteilt  zwischen  der  NATO 
und  dem  Warschauer  Pakt.  Dieto  Menge  ist 
vj.el  zu  groB,  als  dafi  sie  in  Kriegsfall 
emgesetzt  werden  k&nnte,  ohne  die  Fort- 
setzung    der  Zivilisation  aufs    Spiel  zu 
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"Yes,  but  can  we  afford  basic  research?" 
The  answer  is  that  without  basic  research 
or  technology  the  econooy  cannot  be 
healthy.  This  would  be  a  tree  without 
roots  w'tich  cannot  tnrive  fir  any  length 
of*  time*  If  ooney  is  short  it  often 
appears  to  be  the  simplest  solution  Co 
defer  everything  which  only  serves  the 
long-range  future.  However,  whoever 
chooses  such  c  course  mortgages  the 
future. 

Figure  2  shows  schematically  how  costs 
are  distributed  along  the  development 
chain  starting  from  basic  research  to 
eventual  realization*  One  sees  from 
Figure  2  that  the  costs  of  basic  research 
are  only  a  tiny  fraction  of  the  total 
cost  of  development.  Yet  tyttnout  basic 
research  the  technical  end  product  would 
not  even  exist;  basic  research  is  the 
seed  for  all  further  technical  develop- 
ment* 

Let  ore  give  an  example*  Th"  principle 
of  the  linear  accelerator  was  discovered 
before  the  Second  World  War  and  was  re- 
duced to  practice  at  a  research  cost  of 
about  one  million  DM.  This  development 
has  led  to  an  industry  which  develops 
linear  accelerators  for  cancer  therapy  at 
hospitals*  The  total  price  of  linear 
accelerators  developed  for  this  purpose 
to  date  is  roughly  10  billion  DM*  The 
first  link  of  our  development  chain/  that 
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setzen.  Die  Zahl  der  Sprengkorper  ist 
viel  grOBer  als  dafl  si©  sich  nut  dam 
Argument  der  Ab*chreckung  rechtfertigen 
liefie.  Wir  wissen  das,  die  Amerikaner 
wiasen  das,  und  die  Russen  viesen  das. 
Trotzdea  ist  die  Zahl  der  Atonbomben  in 
diese  unvorstellbare  Mohe  gestiegen.  Wie 
konnte  das  geschehen?  DarQber  ist  viel 
getchrieben  word  en.  Der  Hauptgrund  ist, 
dafl  sich  die  Staaten  bei  der  Anschaffung 
und  Prod  ukt  ion  neuer  Waffen  vor  alien 
politisch  und  nicht  vissenschaf tlich 
rechtfertigen.  Bild  3  zeigt  als  Beispiel 
die  Ost -West-Jagd  nach  mmer  mehr  Nu- 
kleareprengkorpem,  die  von  den  Amerika- 
nern  beziehungsveise  den  Sow  jets  mit 
langreichveitigen  (s^rategischen )  waffen- 
systemen  abgeschos  .en  werden  konnen. 
Solch  ein  Wettlauf  lafit  sich  nur  recht- 
fertigen,  wenn  die  Waffen  Symbole  der 
Starke  geworden  smd,  ohne  Bezug  auf  die 
Realitat  ihres  railit&rischen  Nutxens.  wir 
Wissenschaftler  haben  die  emste  Plicht, 
den  Polltikern  umer  vieder  die  physische 
Real  1  tat  der  Kern  waffen  vor  Augen  zu 
halten.  Wenn  in  politischen  Entschei- 
dungsprozeB  die  vissenschaf tliche  Reali- 
tAt der  Waffen  vergessen  vird,  dann  lafit 
sich  die  verhangn  is  voile  Frage  "Wann  ist 
genug?-  gar  nicht  beantworton.  In  diesem 
Smne  kann  die  Wissenschaft  ein  Segen 
sein,  wenn  os  ihr  gelingt,  die  Politiker 
und  die  tff f entlichkeit  davon  zu  Oberzeu- 
gen,  daB  die  physikalische  RealitAt  der 
Kornwaffen,  nimlich  ihre  zer s tor end e 
Kraft,  so  verheerend  ist,  dafl  sich  fOr 
das  Ziel  emer  virksarnen  Abschreckung  nur 
eme  sehr  kloine  Zahl  rechtf  ertigen  lafit. 
Ira  allgememen  vird  dao  Handeln  der  Poli- 
tiker durch  Vorstellungen  und  nicht  durch 
Realitat  bostuiwt,  der  Naturwissenschaf t- 
ler  dagegen  versucht,  die  wahrheit  der 
Natur,  das  heiBt  die  objektive  Realitat, 
zu  erkennen. 

Han  kann  leicht  viele  andore  Beispiele 
fmden,  die  belegen,  dafi  die  Anwendung 
der  Wissenschaft  auf  die  Technologic 
entvoder  gu  tar  tig  oder  schacilich  ist.  Was 
letzlich  herauskomnt,  hangt  davon  ab,  ob 
in  gesellschaf  tlichen  Entscheidungsprozefi 
Zusaramenh£nge  klar  erkannt  sind  und  ob 
darauf  logisch  reagiert  vird  oder  ob  sie 
in  diesem  ProzeB  in  den  Hj.ntergrund 
gerQckt  werden. 


is  theoretical  and  experimental  basic 
research,  will  surely,  although  in  the 
future,  uncover  new  truth  about  nature. 
Therefore  the  answer  to  the  question 
"Basic  Research  -  Curse  or  Blessing?" 
deals  with  problems  of  morality  and  the 
politics  of  society  as  to  how  it  will 
react  to  these  discoveries*  Can  mankind 
direct  the  results  of  research  into  con- 
structive directions  and  avoid  simul- 
taneously the  destructive  consequences? 

h'owhere  is  this  question  more  impor- 
tant than  in  military  policy*  Nature  has 
given  us  the  means  to  destroy  civiliza- 
tion on  earth,  I  am  saying  here  "nature" 
and  not  "science"  since  I  am  persuaded 
that  the  secrets  of  nature  will  exhibit 
themselves  openly  sooner  or  later.  The 
source  of  energy  for  nuclear  weapons  is 
the  same  which  furnishes  fuel  to  the  sun 
and  tt.3  stars* 

At  this  time  there  exist  roughly 
50,000  nuclear  weapons  in  the  world, 
roughly  evenly  divided  between  NATO  and 
Warsaw  Pact,  This  number  is  much  too 
large  to  be  applicable  in  any  way  in  case 
of  war  without  threatening  the  future  of 
civilization.  The  number  of  nuclear  ex- 
plosives is  much  larger  then  can  be 
justified  for  deterrence  of  war,  we  know 
this,  the  Americans  know  this  and  the 
Russians  know  this.  Nevertheless,  the 
number  of  atomic  bombs  has  risen  to  this 
unimaginable  figure.  How  did  it  happen? 
Much  has  been  written  about  this.  The 
principal  reason  is  that  states,  whenever 
they  acquire  new  weapons,  justify  the 
need,  above  all  politically  and  not 
scientifically.  Figure  3  shows  as  an 
example  the  -'itual  competition  in  increa- 
sing the  number  of  nuclear  weapons  which 
can  be  delivered  with  long-range  stra- 
tegic weapons  systems  between  the  Ameri- 
cans and  the  Soviets,  Such  a  competition 
can  only  be  justified  when  weapons  have 
become  symbols  of  strength  without  refe- 
rence to  the  reality  of  their  military 
usefulness.  We  scientists  have  the 
earnest  duty  to  repeatedly  draw  the 
attention  of  politicians  to  the  physical 
realities  of  nuclear  weapons.  If  in  the 
political  process  the  scientific  reality 
of  weapons  is  forgotten,  then  the  fateful 
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Wir  aQsaan  lernen,  dafl  »ich  die 
Geeetxe  dar  Katur  nicht  durch  Staatsbe- 
schlQsse  exrwingen  luttn ;  der  Hansen 
kann  dia  rundeaentalgeeetre  der  Natur 
wader  tndern  noch  verbergen.  Wir  kannen 
viele  Eeiepiele  in  der  Gaechichta,  wo 
sine  ■taetliche  oder  religiose  Macht 
beachiofl,  ein  Naturgeeetr  *«i  unbequeej. 
Dm  Resultat  war  i»  allgeneinen  tragiach. 

XM  Nittelaltar  war  Galilei  aufgrund 
aainar  aatronoaischen  Beobechtungen  Ober- 
zeugt,  daft  dia  Erda  ua  dia  Sonne  lauft 
und  nicht  das  Zentrua  dar  Halt  iet.  Doch 
■ruflte  «r  dies©  Neinung  untax  Drohung  von 
Pol tar  und  Tod  widexrufen.  In  dar  Sow jet- 
union  warden  dia  unainnigan  Thaorian  das 
Pseudobiologen  Lysenko  run  Staatsdiktun 
erhoht,  un  aina  unaaliga  Agrarpolitik 
ru  rachtfaxtigan.  Nur  nach  einea  am  tig  an 
Kanpf  dar  Sowjetischen  Akedaaie  dar 
WissenechaXten  war  as  achliafilich  wiadar 
erlaubt,  in  dar  Sowjetunion  Biologie  und 
Ganetik*  in  wissenschaf  tlichan  Sinn  ru 
latiren. 

Zwischen  1933  und  1945  war  aa  in 
Dautachland  Strang a tans  verboten,  Ein- 
stein* Relativitatathaorie  ru  lahran. 
Haute  bildat  dia  RalativiUtathaoria  dia 
Basis  fQr  viala  Gabiata  dar  Tachnik;  ohna 
Relativitatethcorie  g&be  as  kaina 
Hoc hi a is tungeelektronenrdhr an ,  kaina  in- 
•■-jnaive  Rontgenatrehlung,  kaina  Hochener- 
giabaschlaunigar  und  daahalb  kain  DESYI 
Und  dar  varbrachar j sche  BaschluB  das 
Staates,  im  Wlderspruch  rur  Nissan ac haft 
ainar  nanachlichan  Rasaa  aina  fundanen- 
tala  Obarlaganhait  ruruachraiben,  fahrta 
ru  dar  groflten  Tragodie  das  dautachan 
volkas  und  dar  Henechhe*t. 

Heute  rittart  dia  Manechheit  vor  dar 
drohandan  Nacht  dar  vial  an  Tausenden  von 
Karnwaffan.  Trotrde*  hat  dar  Pr  as  Id  ant 
dar  vareinigten  Staatan  vorgeschlagen, 
daB  ain  neuer  vexteidigungsschirm  dia 
axiatiarandan  Karnwaffan  -Qbarholt  und 
wirkungslos"  (obsolete  and  iapotant) 
mac hen  sollte,  obwohl  dia  ungeheuxe  Wir- 
kung  dar  hautigan  Karnwaffan  dar  An- 
griffsBacht  ain an  gawaltigan  vorsprung 
gaganObar  dar  sich  varteidigenden  Macht 
gibt.  Waa  dia  wiessnschaft  ar fund  an  hat, 
kann  nicht  durch  of f iziellen  BaschluB 
unerfunden  gamacht  warden  I 
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question  "When  is  enough  enough?"  cannot 
be  answered.  In  thie  sense  science  can  be 
a  blessing  it  it  succeede  in  convincing 
politicians  and  the  public  thet  the  phy- 
sical reelitie*  of  nuclear  weapons*  that 
is  their  deetructive  power*  is  so  over- 
whmlming  thet  for  the  goal  of  deterrence 
only  e  very  small  numbmr  can  be  justi- 
fied. Generally  the  actions  of  politi- 
cians are  determined  by  peremptions  *nd 
not  by  reality •  Tbm  scientist  attempts  to 
single  out  the  truth  in  nature,  thet  is 
the  objective  reelity. 

One  can  eesily  find  aany  other  exaap- 
les  where  the  epplicetion  of  science  to 
technology  is  either  beneficial  or 
damegingt  whet  ectually  results  dmpmnds 
on  whether  the  human  decision  procees 
recognires  cleerly  the  scientific  circua- 
stances  and  reects  logically  to  thea,  or 
whether  the  process  pushes  the  scientific 
tects  into  the  background, 

Mt  oust  leem  that  the  forces  of 
nature  cannot  be  coerced  by  the'  stete; 
man  can  neither  change  nor  hide  the  fun- 
damental lews  of  nature.  Me  know  aany 
examples  of  history  when  e  governmental 
or  religious  power  decided  thet  e  lev  of 
nature  was  uncoafortehle:  The  result  in 
general  turned  out  to  be  tragic*  In  the 
Mi ddl e  Ages  Gel i lei  becam  e  con vi need 
through  preceding  astronomical  observe- 
tions  thet  the  eerth  orbits  eround  the 
sun  and  was  not  the  center  of  the  world. 
However  he  hed  to  recant  this  opinion 
under  threat  of  torture  and  deeth.  In  the 
Sc-viet  union  the  senseless  theoriee  of 
the  pseudo-biologist  Lyeenko  were 
elevated  to  an  edict  of  the  eteta  in 
orier  to  justify  the  ill-advised  agricul- 
tural policy  of  the  stete.'  Only  after  a 
courageous  tight  on  the  pert  of  the 
Soviet  Acedemy  of  Sciences  wes  it  age  in 
permitted  to  teach  biology  and  genetics 
in  Russia  in  the  scientific  sense. 

Between  1933  and  1945  it  was  rigidly 
totbidden  to  teach  n  Germany  the  Theory 
of  Relativity  of  Einstein,  Today  the 
Theory  of  Reletivity  forms  the  besis  for 
aany  fields  of  technology.  Without  the 
Theory  of  Relativity  there  would  J>*  no 
high-powered  electron  tubes,  no  inteneive 


DESY  journal  84-3/4  30  DBSr  journal  B4-3/4 


527     2J3AJIAVA  WK)  T8M 


523 


Faetvmranetaltung 


So  Ahnlich  itt  ••  beia  Uaveltechut*. 
Et  iet  tinnloe,  wiieenachaf t  und  Techno- 
logio  alt  UrQbel  dar  Vtrachautzung  der 
Natur  antuklagen;  die  Ureach*  iet  in 
unklugen  Entecheidungen  der  aenechlichen 
Gaeellachaft  zu  sue  hen.  Wir  brauchen  die 
Wittentchaft  -  tovohl  dit  Grundlaganf cr- 
echung  ale  such  die  Entwicklung  von 
apezifitchen  M&Snahnen  -#  ua  uniere  Ite- 
wait  wiadar  eauberer  zu  aechen. 

Hit  all  dieten  Beiepielen  wo lite  ich 
ztigen,  dafi  nur  mit  Grundlagenforachung, 
dit  zun  beaeeren  Veritandnie  dar  Natur 
fdhrt ,  dit  vachaende  Zahl  von  Manichan 
ohne  grofie  Leiden  und  Kataatrophen  auf 
diatem  Pi  an  at  an  Qberhaupt  la  ban  kann.  Dia 
Grundlagenforachung  itt  dtthalb  abaolut 
notwendig  fQr  dia  Zukunft  unaarar  Zivili- 
aation.  Hit  Hi  lit  dar  Wittanachaft  iat  ta 
aoglich,  dafl  wir  wenigatene  in  Harmon ia 
mit  unstrar  naturlichen  Uknwelt  laban 
konnen.  Aber  diet  kann  nur  Raalit&t 
warden,  wenn  untere  S tea ts burger  dan  Rat 
dor  Wittentchaft  krititch  aufnehmen.  In 
fundamental  an  Sinn  itt  dia  Witsantchaft 
kein  Fluch,  aber  txa  kann  nur  rum  Segen 
warden,  wenn  tie  torgfaltig  gepflegt  und 
auegenutzt  wird.  Leidtr  varauchen  viele 
Politiker  und  weite  Teile  dar  Geaell- 
echaft,  nur  auf  die  groBen  Hdglichkeiten 
der  Wittentchaft  zur  induotriellen 
Nutzung  hinzuweiaen,  aber  gleichzeitig 
die  Auasagen  daraelben  Wittentchaft  Qber 
die  Grenzen  dea  Wachotuma  und  die  Not- 
wendigkeit  der  Beschr&nkung  der  raili'cAri- 
achen  Hacht  zu  ignorieren.  Die  Wahrheit 
der  Naturgesetze  itt  aber  unteilbar:  Der 
Monsch  kann  aich  nicht  die,  bequemen 
Naturgesetze  herautpicken  und  die  un be- 
quemen ignorieren. 

In  den  vorangehenden  Bemerkungen  haben 
wir  die  Roll©  Jer  Wiaaenachaft  alt  ein 
zweischneidigej  Schwert  beachrieben.  Wir 
haben  den  SchluB  gezogen,  da 8  die  For- 
achung  einschlieBlich  der  Grundlagenf or- 
achung  eine  Notwendigkeit  der  modernen 
Gosellschaft  iat  und  die  Verbeaserung  der 
Lebensqualit&t  der  ganzen  Welt  ermog- 
licht,  aber  nicht  aichert.  DESY  kann 
atolz  aein,  dabei  eine  aehr  wichtige 
Rolle  zu  spielen.  Diese  Auaaage  gilt 
nicht  nur  fOr  die  Vergangenheit,  sondern 
auch  fQr  die  Zukunft.    Die  neue  Maschine 
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X-rays,  no  high  energy  accelerators  and 
therefor*  no  DESY.  And  the  criminal  deci- 
sion by  the  State,  in  contradiction  to 
science,  to  attribute  to  one  huean  race  a 
fundamental  superiority  led  to  the 
greatest  tragedy  of  the  German  people  and 
humanity* 

Today  humanity  tremble  j  be/ore  the 
threatening  sight  of  many  thousands  of 
atoaic  weapons.  Nevertheless  the  Presi- 
dent of  the  united  States  hat  proposed 
that  a  new  defensive  umbrella  should  make 
the  axiating  nuclear  weapont  "obsolete 
and  inpotent".  This  proposal  was  aade, 
notwithstanding  the  fact  that  the  immense 
power  of  today's  nuclear  weapons  has 
given  the  offensive  power  an  enormous 
advantage  against  defensive  measures* 
What  science  has  invented  cannot  be  un in- 
vented through  offical  decree* 

The  situation  is  similar  in  respect  to 
environmental  protection,  /t  is  senseless 
to  accuse  science  and  technology  as  the 
basic  root  of  the  pollution  of  nature; 
one  should  look  for  the  cause  in  unwise 
decisions  of  human  society.  We  need 
science,  both  basic  research  and  the 
development  of  specific  remedies,  in 
order  to  clean  up  our  environment* 

With  all  these  examples  I  am  trying  to 
demonstrate  that  without  basic  research 
which  leads  to  a  better  understanding  of 
nature  the  growing  number' of  people  can- 
not be  accommodated  on  this  planet  with' 
out  great  suffering  and  catastrophe* 
Basic  research  is  therefore  absolute} l 
necessary  for  the  future  of  civilization* 
With  science  it  is  at  least  possible  that 
we  can  live  in  harmony  with  the  natural 
world*  However,  this  can  only  become 
reality  when  our  citizens  iisten  criti- 
cally to  scientific  advice*  In  a  funda- 
mental sense  science  u  not  a  curse  but 
it  can  only  become  a  blessing  if  it  is 
treated  and  explored  carefully*  Unfor- 
tunately many  politicians  and  many  parts 
of  society  attempt  to  exploic  only  the 
great  poss'.oilities  ,  of  science  for 
industrial  application  and  they  hide 
simultaneously  the  results  of  the  same 
science  for  the  limits  of  growth  and  for 
the  necessity  of  restricting  military 
might*  The  truth  of  the  laws  nature  is 
inseparable:    Han    cannot  pick  out  those 
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HERA  vird  DESY  aina  ainsigartiga  Or,  leg  an - 
hait  achaffao,  naua  Pundafa-intalraauXtata 
in  dar  Tailchanphyaik  ru  findan.  HERA  iat 
dia  aintiga  Kolli«ionma»chin«  dar  Halt 
fQr  Elaktronan  und  Protonan. 


Nit  diaawa  Apparat  kann  dia  Ctruktur 
daa  Proton*  in  hochstar  Praziaion  ar- 
foracht  uardan,  da  dia  Struktur  und  dia 
Wachaalvirkung  daa  Elaktrona  wohlbakannt 
iat.  Ea  iat  intaraaaant  f aatruataHan , 
daft  dia  drai  groftan  •uroptiachan  Kolli- 
aionaawiachinan  -  HERA,  dia  Proton -Anti- 
pro  ton-Anlaga  sps  im  CERN  und  dia  arata 
Stufa  von  LEPia  CERN  -  alia  diaaalba 
Kolliaionaanargia  haban,  vann  Man*  dia 
waxiaala  Energia  dar  an  Stofl  batailigtan 
Grundbauataina  (Lap  ton  an  und  Qu  rka) 
batrachtat  (aiaha  Bild  4). 


laws  of  nature  with  which  ha  feels  coa?- 
fortaoie  and  ignore  thosm  which  ha  eonai- 
dars  uncoa/orCabia. 

In  tha  foregoing  remat  wv  ha  va 
described  the  roia  of  acianca  a*  a  two- 
edged  sword.  Ma  hava  drawn  tha  cor  us  ion 
that  raaaarch  anciudin?  haaic  ret,^crch  is 
a  nacaaai ty  of  modern  aociaty  and  that  it 
aafcas  possible  tha  iaproveaant  of  tha 
guaiity  of  life  within  the  whole  world 
but  it  does  not  mssvre  such  improvement, 
VBSY  can  be  proud  ta  hava  pi ay ad  a  vary 
important  roia  in  this  undertaking.  This 
statement  applies  not  only  to  the  past 
but  also  to  the  future.  The  new  eachine 
HBRA  will  provide  a  unique  opportunity ,  to 
DESY  to  find  new  fundamental  results  in 
particle  physics,  HBRA  is  the  only  col- 
lider xn  the  world  in  which  electrons  and 
protons  eeet. 
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100  *V 


Dia  Zukunft  von  LaJboratorion  vie  D£SY 
und  Hainan  Haiffatinatitut  SLAC  hAngt  von 
dar  icontinuiarlichan  Salbatamauarung  ab. 
Ala  reSY  vor  2$  Jahra*  gogrfindat  vurd», 
konnta  aich  nianand  dia  Zukunft  mit 
DOkIS,  PETRA  und  HZStA  voratalKn.  Win 
Bild  5  illustriart,  vird  dor  Furtachrltt 
dar  Mocber.-rrgiaphyaJc  du'ch  Erf  irxJunjan 
nauar  B*t  chla^inigarvcrjfa&ran  bastiant. 
Joda  nau*  Mathcda  tUr  fi*  hi  auru  going  von 
.. .  amantartailohan  tAcht  *rJ  *dglich,  dia 
ooartjratu*  d  arr«ichb*ran  EnarQia 
waitar  zu  vaxr-;hi*ba^.  Doch  Kann  lit 
jadar  Mathoda  tur  a  in  o>t#iaaar  Fcr*- 
achritt  bevirkt  vardan,    aha  aia  xu  tfcuar 


witn  thi#  apparatua  tna  •tructuro  of 
proton*  ca/i  2>a  arpiorad  vitn  highlit 
precision  sine*  tna  atrvctura  and  intar- 
action  of  aJactron^  a,rj  haJi-Jtnown.  ri  Is 
inturttting  that  the  thrao  Jarya  furopa*n 
coJJidara  -  tna  CCAV  protoa-*nti- 

proton  atfap CAtion  o/  the  auparcoiiidor 
fSPSj,  and  tna  rirat  atcp  tna  UfP 
■achina  at  C£rWf  sll  Jaaa*  to  tha  *a*a 
collision  •rtTgni.  if  one  m***ur*s  tna 
anaryy  vith  whirh  th*  fund*m*nt*l  buil- 
ding block*  (Japtona,  quark*)  col  lid*. 
fhiff  ia  iJJuatratad  in  Fioura  4. 

ma  futura  ot  Jafcoratoriaa. Ji*a  0££Y 
and    »9  own  inatitutioo  SMC    depend*  on 


DBS'  Journal  84-3/4 


<<3 


MST  JoumaJ  *4-J/4 


■EST  COPY  AVAILABLE 


530 


526 


Cmlebretion 


vird,  und  viedar  eine  neue  Technik  erf  wi- 
den und  eingef  Qhrt  warden  mufi.  DESY  hat 
an  ■ehreren  dieear  techniechen  Sprunge 
■itgearbeitet  und  ich  bin  Qbexzeugt,  daft 
DESY  auch  zu  dan  niche  ten  Sprung en  bei- 
tragan  wird.  Ich  veiee  darauf  hin ,  dafi 
dia  Syeteaatik  dieear  Entvicklungon 
seigt,  via  dia  Grundleganforechung  dan 
Fortachritt  dar  Technik  dient,  via  abar 
auch  uegekehrt  dia  Tachnik  zua  Fort- 
achritt dar  Wieeenechaf t  nOtig  iat.  Wis- 
aanachaft  und  Tachnik  atahan  in  ainar 
wecheeleeitigen,  aynbiotiachan  Verbin- 
dung. 

Ich  mochta  echlieflen  mit  ainan  GlQck- 
wunech  an  DESY,  oin  Labor a tori urn,  das  ain 
ganzea  viartal  jahihundert  hindurch  ©in© 
groflartigo  Pol  la  in  dieeem  groBartigen 
Abantauar  unserer  Zaxt  gaspxelt  hat. 


continuing  renewal,  Nhen  DESY  was  founded 
25  years  ago  no  one  could  imagine  the 
future  with  DORIS,  PETRA  and  HERA,  As  is 
illustrated  in  Figure  5/  the  progress  of 
high  energy  physics  is  paced  by  inven- 
tions of  nmw  meane  of  acceleration.  Each 
nmw  method  of  acceleration  of  mlementary 
particles  makes  it  possible  to  raise  tna 
attainable  energy  limit.  Yet  each  one 
method  can  only  lead  to  a  certain  pro- 
gress until  it  becomes  too  expensive; 
then  a  new  technology  has  to  be  invented 
end  introduced,  DESY  has  contributed  to 
many  of  these  jumps;  1  believe  that  DESY 
will  also  contribute  '.o  the  subsequent 
advances, 

1  am  pointing  out  these  facts  to 
demonstrate  the  systematica  af  these 
developments  rhich  show  how  besic 
research  leads  <:o  progress  of  technology, 
but  also  how,  conversely,  thai  '  new 
technology  is  necessary  for  the  progress 
of  research.  Science  and  technology  have 
mutually  reinforcing  symbiotic  connec- 
tion. 


I  would  like  to  conclude  with  congra- 
tulations to  DESYt  a  laboratory  which  has 
played  tvch  a  large  role  through  a  quar- 
ter century  in  t.Yis  great  adventure  of 
our  oirae. 


f.t.  |[ST  Jtr««»  Ui.Ut  (57191/1*) 
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Fes  twrmultwng  Celebration 

Hietoriecber  ROckblick  HiatoricaJ  Review  from 

von  Prof.  Willlbald  Jantechka  Prof.  Willibsld  Jentschke 


Herr  Bund esprAei dent, 

Herr  PrAeident  dar  Burger achat t, 

m«in«  Herren  Stnat^nn, 

aehr  geehrte  Dimd  und  Herren, 

Hebe  Freunde! 

Ich  irtchte  hier  keinen  umfaeeanden 
hiatoriechen  RQcJtblick  auf  DESY  gjben. 
Ich  mochte  nur  ainige  Wort*  j.ur  GrGndung 
von  DfSY  eagen. 


Von  11.  bie  23.  Juni  1956  fand  in  Ganf 
Bin  intemationalee  Syapoeiua  f Qr  Hcch- 
energiephyeik  und  Hocnenergiebeachleu- 
niger  etatt.  Aue  dar  Bundeerepublik 
Deutechland  nahmen  daran  folgande  Experi- 
wentalphyeiker  tail:  Wolfgang  Centner, 
Wolfgang  Paul,  Wolfgang  Riezler,  Chri- 
atoph  Schmelzer,  Arnold  Schoch  und  Wil- 
hel*  Walchar.  Ich  salbat  kam  dirakt  aua 
dan  USA,  ua  nach  diaaar  Konfaranx  meine 
TAtigkeit  am  physikaliechen  Inatitut  dar 
Un i vara itAt  Hamburg  aufzunehmen.  Wir 
haban  damala  dia  unbafriadiganda  Laga  dar 
Hochanargiaphyaik  in  dar  Bundaarapubl ik 
erdrtert.  tur  Varbaaaarung  dar  Situation 
baachloaaan  wir,  dia  Errichtung  einee  6- 
GeV-Elektronen-Synchrotrone  vorxuach  la- 
gen.  Diaaar  Bau  aollta  in  Anlahnung  an 
a  in  Ahnlichaa  Projakt  d-Acchgefuhrt  war- 
dan,  daa  in  dan  USA  von  dan  bard  an  For- 
echungezentren  Haaaachuaatta  Inatituta 
of  Technology  und  Harvard  Univaraity 
untar  dar  Lai  tun  g  von  Stan  lay  Livingaton 
garada  bagonnan  word an  war.  Diaaa  Wahl 
armdglichta  aa,  im  Prinrip  an  dia  Vor- 
front  dar  Forachung  vorxuatonan.  Sia  war 
nau  in  Europa  und  aicharta  una  dia  notige 
Hilfa  durch  dia  anga  Zuaammenarbait  »it 
dar  Livingeton-Gruppe. 


Dia  Weiterentwicklung  diaaaa  Vorechla- 
gaa  fOhrta  drai  Jahra  apAtar  zur  Crun- 
dung  dar  Stxftung  "DESY,  Dautachaa  Elek- 
tronen- Synchrotron".  Diaaa  Entwicklung 
war  nur  dadurch  moglich,  daA  a ich  Perefin- 


Herr  Bundespresident , 

Herr  President  der  Surgersche/t, 

Herr  Senator, 

Ladiea  and  Gentlemen, 

Dear  Friendst 

I  don't  want  to  yiva  *  comprehenaive 
hiatorical  review  here.  I  Ju*t  say  a  raw 
words  on  the  founding  of  DESY. 

From  the  11th  to  the  23rd  July  1956  an 
intarnationai  *yepo*ium  for  high  energy 
physics  and  high  energy  accelerators  waa 
held  in  Geneva.  Tna  following  experimen- 
tal  physicist*  took  part  from  tna  Fader si 
Republic  of  Carman y;  hoi  f  gang  Centner, 
Wolfgang  Paul,  Wolfgang  Riezler,  chri- 
stoph  Schmelzer.  Arnold  Schoch ,  end 
wilhelm  Wslcher.  I  cama  diractly  from  the 
U.S.A.  to  take  up  my  post  at  tna  Physics 
Inatituta  of  tha  Univaraity  of  Hmburg 
after  tha  conference.  We  discussed  tha 
unaatiafactory  situation  in  tha  Federel 
Republic  with  regard  to  high  energy  phy- 
sics, ro  improve  this  wa  decided  to 
propose  a  6  GeV  alactron  synchrotron, 
rha  project  was  assisted  by  a  similar  one 
which  had  ju&t  been  started  in  the  U.S.A. 
by  the  Masaachusetta  Institute  of 
Technology  end  Harvard  Univeraity  under 
the  leadership  of  Stanley  Livingston. 
This  choice  made  it  posaible  in  principle 
to  venture  to  the  front  rank  of  research. 
It  was  new  in  Europe,  and  guaranteed  the 
necessary  support  through  the  close 
cooperation  with  Livingston's  group. 

Further  development  of  thia  propoaal 
led  three  years  later  to  the  establiah- 
ment  of  the  foundation  "DESY,  Deutsches 
Blektr  on  en  -Synchrotron".  This  was  only 
possible,  because  various  people  in  poli- 
tics, management  end  science  were  coura- 
geous enough  to  pursue  the  project  with- 
out being  hindered  by  bureaucracy,  with- 
out this  resdiness  to  help  us  in  all 
situations  we  would  never  have  reached 
our    goal.    Thia  confidence  in  Cjr  propo- 
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lichkeiVcn  aua  Politik,  varvaltung  und 
wieeenechaft  f  and  an,  die  eich  mutig  und 
ohne  BOrokratismus  fdr  die  DurchfOhrung 
dieaea  Projektea  ainaatrtan.  Ohne  diaaa 
aufgeechloaaene  Bereitwilligkei t ,  una  in 
jeder  Situation  xu  half  an,  wlran  wir  nia 
ana  Zial  gekommen.  Denn  diaaaa  Vertrauen 
in  unaera  Vorachllge  war  keineawega 
aelbetveratAndlich,  lagan  doch  damala  in 
Deu tech land  virklich  kaum  Kaontniaae  Obar 
dan  Bau  ainea  aolchan  Gro&beachleunigera 
vor. 


Ich  mochte  daahalb  im  Nan  an  von  DZ5Y 
noch  einmal  neinen  Dank  auaaprachen,  zu- 
nachat  dam  Sanat  dar  Fraian  und  Hanee- 
atadt  Hamburg  und  ihrar  Bflrgerechaf  t ,  dam 
frflharan  Bundeaminiaterium  far  Atcrnanor- 
gia  und  Waaaarvirtachaf  t  -  dam  jetzigcn 
Bundaaminiatarium  fQr  Forachung  und 
Tachnologia  dam  Par lam ant  mit  aainan 
AuaachOaaen,  dan  Landearegierungen  und 
dan  LAndarpar  lament  en,  dam  varwaltungarat 
von  DESY  mit  aainan  Mitgliedern  von  Bun- 
daa-  und  Landaaaaita.  Ich  mochte  aber 
auch  aahr  harrlich  dar  altan  mathama- 
tiach-naturwiaaenschaf tlichan  Fekult&t 
danken,  dwm  Fachbaraich  Phyaik  und  auch 
dan  frOheran  Raktor  dar  Univereitat,  dar 
una  daraala  aahr  geholfen  hat,  und  dam 
jetxigen  Univereitatepraaidium.  Ich  danka 
auch  dar  Dautachan  Physikaliachan  Geaell- 
echaft,  deran  frGhzeitige  tfcteretatzung 
weeentlich  zu  dam  Galingen  daa  Projaktaa 
beigetr*jen  hat.  Ich  mochta  abar  auch  dan 
vcrechiedenen  Behorden  daa  Stadtataataa 
Hamburg  und  daa  Bundaa  danken,  walcha  dia 
Bedingungen  geachaffan  hatten,  dia  daa 
Entatahan  dieaas  Forachungazantrums  zu- 
liefien. 


FOr  ion  Erfolg  von  DESr  war  dia  unei- 
gannQtziga  Hilfe,  dia  DESY  von  Livingston 
und  aamar  Cruppa  erfuhr,  waaantlich.  Da- 
ne ban  sei  ebenfalla  dar  UnteratQtzung 
durch  Panofaky  und  Hofatadter  von  dar 
Stanford  University  gadacht.  Auch  mit 
CERN  war  vo,>  Anfang  an  ain  rager  Aua- 
tauach  vorhanlen.  in  diaaam  Zuaammanhang 
mochta  ich  dia  Neman  John  Mama,  Marvin 
Hina,  Arnold  ScVxrh,  chrittoph  Schnalzar 
und  Wolfgang  Sch'.ell  an  Stella  von  vielen 
anderan  nannen. 


Celebration 


fata  KST  Jlrftc  ScfttUt  07M9/21) 


sals  was  certainly  not  self-evident ,  as 
at  that  time  there  was  hardly  any  know- 
ledge in  Germany  on  the  building  of  such 
a  large  accelerator. 


Therefore,  in  the  name  of  DESY,  I 
would  once  again  like  to  thank  the  Senate 
or"  the  Frele  und  Hansestadt  Hamburg  and 
the  City  Parliament,  the  former  Ministry 
of  Atomic  Energy  and  tfater  Sfcppiy,  the 
present  Ministry  of  Research  and  Techno- 
logy, the  State  Parliament  and  its  com- 
mittees, the  governments  and  parliaments 
of  the  different  States,  and  the  Admini- 
stration Board  of  DESY  with  its  members 
from  the  Federal  Republic  and  from  Ham- 
burg, l  would  also  like  to  thank  heartily 
the  old  science  /acuity,  the  fach.Weich 
Physik  and  the  former  rector  of  the 
university/  who  helped  us  a  great  deal  at 
that  time,  and  the  present  presidency,  I 
also  thank  the  C era  an  Physical  Society 
whose  early  support  contributed  sigmfi- 
cally  to  the  success  of  the  project  I 
would  also  like  to  thank  the  various 
authorities  of  the  city  of  Hamburg  and 
the  Federal  government  who  created  tf,o 
necessary  conditions,  which  alloved  the 
emergence  of  this  research  centre. 
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•ie 

Bildar  raigan. 


aieh    rum    AbachluS  drai 


Dai  erata  gibt  dia  Unttrzaichnung  das 
Staativartraga  zur  CrOndung  dar  Stiftung 
•DESY,  Dautachaa  El «k:tron«n- Synchro txt"  11" 
wid»r,  dia  •»  18.  Dttwbw  19S9  durch  dan 
Eritan  BOrgarniaiittr  dir  Fraian  und 
HwiHUdc  Hamburg,  Max  Brauar  (rachta) 
und  din  Kinistar  fQr  Atomanargia  und 
Wassarvirtachaftf  Profanor  Siogfriad 
Balka  (link a)  in  Hamburg ar  Rathaua  ar- 
folgts.  In  dan  Vartrag  wurda  dia  Finan- 
zierung  dai  Baua  diaaat  Hochanargia- 
Boschlaunigar*  und  dar  dazu  gahorandan 
Loboratorian  von  DESY  bit  ru  einar  Sumna 
von  60  Millionan  DM  %aragalt. 


for  tha  succas*  of  DESY  £ha  unaai/ish 
haip  fro*  Livingston  and  hi*  group  was 
assantial.  Tha  support  of  PanofsJfcy  and 
Wo/stadtar  amst  aJso  oa  vantionad.  fla- 
sidas  that  wa  had  ciosa  contact  with  CEM 
and  in'  this  connaction  I  would  li*a  to 
aantion  tha  naaas  John  Adaas,  Mrvin 
Wine,  Arnold  Schochr  Christoph  -SchaaJsar 
and  Wolfgang  SChnaJJ  aaony  •any  othars. 

To  ciosa  iat  »a  show  thraa  picturas. 
Tha  first  ona  shows  tha  signing  of  tha 
traaty  satting  up  tha  foundation  "DSSYt 
Dautschas  £la  Jet  ronan-Synchrotron".  It  was 
dona  on  fffth  Dic^mbT  1959  by  tha  Waahurg 
Mayor  Hmx  Brauar  fright;  and  tha  fadarai 
Gmrmsn  Atoaic  Enargy  JTinistar  Si*g£ti*i 
BaJJca  Haft;  in  tha  Hmbury  ftathaus.  in 
this  contract  tha  financing  of  tha  huii- 
ding  of  thia  high  anargy  accaiarator  and 
tha  n»c*a**r\/  Jahoratorias  at  '*B*5Y  was 
regulatad  up  to  a  total  of  60,  «i21io*v'D*. 
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fttt  JttiUUkt  iMtftmUittllt  iMltrf,  frt!|itt-lr.  15U 


Das  zwoico  Bild  stollc  das  ursprOng- 
licho  GoiAndo  m  Hamburg -Bahrenf old  d&r, 
vor  dera  Bau  des  Bauschleunigers.  Ee  han- 
delt  sxch  an  ©inen  ehecnaligen  Hi'  tAr- 
und  spatercn  Sport £ luaplatz .  Das  0  .flnde 
wurdo  1957  von  don  Buridesministerien  f Or 
Verteidigung  und  Fmanzen  der  Hansestadt 
Hairburg  fQr  den  Bau  des  Beschleunigers 
rur  verfQgung  gestellt.  Die  Aufnahme 
enstand  vShrend  emer  Sportverenstaltung 
"Flugtag    Altona"  zviachen  1929  und  1933. 


The  second  picture  shows  the  original 
site  in  Hamburg-Bah  rent 'eld  before  the 
construction  of  the  acceierator.  it  was  a 
former  military  and  a  Jater  sports  flying 
aerodrooe.  rne  area  mj  made  avaiJaoJe 
/or  Hamburg  in  19S7  by  the  Federal  German 
Defence  and  Finance  Ministries,  rnis  pic- 
ture was  taken  during  the  sports  a*et-.,g 
"Plug teg  Altona"  between  1929  end  1933. 
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***** 


f'ttt  ICtf/llUrtti  (35171),  frtiitkt.tr.  2S2/I1  U  || 


Das  dr  itte  Bild  zeigt  OESY  in  Miner 
derzeitigen  Ausbaustufe.  Zu  den  kreisfor- 
migen  El  ektroncn- Synchrotron  sind  die 
be  id  en  Elektron-Positron-Speic  herring  e 
DORIS  und  PETRA  hinzugakowtaen »  an  denen 
insgesamt  sechs  Gruppen  rait  jeveils 
80  bis  100  Physikem  parallel  experimen- 
ts err*  n.  Der  PETRA -Ring  von  2,3  km  Union? 
umschlieBt  das  DESY-Gel&nde ,  vAhrend  der 
Tunrel  f  Or  die  Elektron-Proton-Anlage 
HERA  nur  zu  etwa  20%  unter  DESY-eigenera 
Tern  tori  urn  verlaulen  wird.  AuBerdem 
werdsn  in  zwei  Kail en  Experiraente  nit  der 
Synchrotrons  trahlung  aus  den  unterechied- 
lichsten  Forschungsgebieten  durchgef Gnrt . 

Ich  glaube,  dafi  keiner  der  Physiker, 
die  ixa  Jahr  19S6  in  Genf  den  Bau  des 
Elektronen -Synchrotrons  vorschlugen,  auch 
nur  ira  Entf  erntesten  ahnten,  was  aus  DESY 
nach  25  Jahren  warden  wQrde. 


The  third  picture  shows  the  present 
state  of  DESY*  In  addition  to  the  circu- 
lar electron  synchrotron  there  are  the 
two  electron -positron  storage  rings, 
DORIS  and  PETPA.  Six  groups  work  on  them, 
each  with  he  twee.  80  and  t00  experimental 
physicists*  tfhi-e  the  PETRA  ring  with  a 
circumference  of  2.3  km  almost  encloses 
the  DBSY  site,  the  tunnel  for  the  HERA 
electron-proton  collider  will  run  under 
the  DESY  area  for  only  about  20%  of  its 
length*  Besides  that  in  two  halls  many 
groups  from  different  research  fields 
carry  out  expericents  with  synchrotron 
radiation. 

I    think  that  none  of    the  physicists 
who    proposed    the    construction    of  the 
electron  synchrotron  in  1956,    would  have 
imagined  in  their  wildest  dreams,  how  DESY 
would  develop  over  its  25  years  history. 
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Schluflwort  von 

Prof-  Volker  Soergel 

Voraitzender  dee  DESY-Direktoriuma 


Kerr  Bundeapr&eident, 
verehrte  Anveeendel 

Ea  bleibt  mir  zunachst  der  Dank  an 
alls,  die  heute  zu  una  gesprochen  haben, 
fQr  die  viol en  guten  WQnschc  und  die 
vielen  Gedanken*  die  wir  raitbekcoroen 
haben  bei  dieeer  Geburtetagsfeier . 

Wir  feiem  heute  das  25jahrige  Beste- 
hen  von  DESY*  An  dieeen  Tag  vol  1  en  wir 
una  notOrlich  such  an  das  erinnem ,  was 
bei  DESY  erreicht  word en  ist,  an  das,  was 
die  Erfolgo  dieses  Labor a tori urns  geweaen 
sind,  die  Erfolge  der  Wissenechaf tier  und 
ailer  Mi  tar be iter,  die  hier  gef orach t  und 
gearbeitet  haben.  Heute  nachmittag  wird 
in  Rahmen  einea  wissenechaf tlichen  Kollo- 
quiuma  Gel  ©gen ho it  sein,  sich  Qber  diese 
Erfolge  Rechenecheft  zu  geben.  Ich  be- 
grGBe  hier  die  Vortragenden  dicies  Kollo- 
quiuma:  Hsrr  Prof.  Sands  aus  Santa  Cruz 
wird  Qber  Beschleuniger  red  en,  Kerr 
Prof.  Meyer  aus  Wuppertal  Qber  die  Ergeb- 
nisse  der  Hochenergiephysik  an  den  DESY- 
Beschleunigern,  Herr  Prof.  Steinmann  aus 
MQnchen  Qber  Ergebnis^e  der  For sc hung  mit 
Synchro  trorstrahlung  und  Herr  Prof. 
Fritzsch  aus  MQnchen  Qber  die  theoreti- 
schen  Vorstellungen  der  E  leroen  tar  toil - 
chenphysik. 

An  oinea  solchen  Tag  wie  heute  soil 
man  aber  auch  Qber  die  Zukunft  etwas 
sagen:  Wie  geht  es  welter  nach  den  ersten 
25  Jahren?  Nun,  fQr  die  E  lew  on  tar  toil  - 
chonphysik  bei  DESY  kann  man  wohl  sagen , 
dad  die  Zukunft  bereits  begonnen  hat. 
Seit  Mai  bauen  wir  HERA ,  Wir  sind  froh 
und  dank  bar,  daB  die  Bundesregierung  und 
der  Hamburger  Sen  at  lhre  Zustimaung  zura 
Bau  dieses  groBen  Projekt*  hier  m  Ham- 
burg gegeben  haben.  Am  6.  April  haben 
Herr  Minister  Riesenhuber  und  Herr  Sena- 
tor Sinn  (Ich  begrufie  Herrn  Sinn  .heute 
sehr  herzlich  bei  uns.)  bei  DESY  in  einer 
Feierstunde  die  HERA-Verembarung  zwi- 
schen  Bonn  und  Hamburg  unterzeichnet. 
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Chairman  of  the  DESY  Directorate 


Herr  Bundesprasident, 
Ladies  and  Centlaen! 

I  Bust  first  of  all  thank  all  those 
who  have  addressed  us  today,  for  the  many 
good  wishes  and  the  thoughts  which  ye 
have  recieved  at  our  birthday  celebra- 
tion. 

We  are  celebrating  the  25th  anniver- 
sary of  DESY  today.  He  should,  of  course, 
remember  what  has  already  been  achieved 
at  DSSY,  what  have  been  the  successes  of 
this  laboratory,  the  successes  of  the 
scientists  and  staff  who  have  researched 
and  worked  here.  This  afternoon  in  tne 
framework  of  a  scientific  colloquium 
there  will  be  an  opportunity  to  give  an 
account  of  these  successes.  I  welcome  the 
lecturers  at  this  colloqruiua:  Prof.  Sands 
from  Santa  Cruz  will  talk  about  accelera- 
tors; Prof.  Hey  or  from  Wuppertal  on  the 
high  energy  physics  results  from  the  DSSY 
accelerators;  Prof,  Steinmann  from  Munich 
on  the  synchrotron  radiation  results  and 
Prof,  Fritzsch  from  Munich  on  the  theo- 
retical ideas  in  elementary  particle 
physics. 

However,  on  an  occation  such  as  this 
one  should  also  say  something  about  the 
future:  How  are  we  going  to  continue 
after  the  first  25  years?  For  elementary 
particle  physics  at  DESY  one  can  say 
that  the  future  has  already  begun.  We 
have  been  building  HERA  since  May,  We  are 
glad  and  thankful  that  the  Federal 
government  and  the  Hamburg  senate  have 
given  their  approval  for  the  building  cf 
this  large  project  here  in  Hamburg,  on 
the  6th  April  Minister  Riesenhuber  and 
Senator  Sinn  (I  welcome  Herrn  Sinn  hear- 
tily here  today,)  signed  the  HERA  con- 
tract between  Bonn  and  Hamburg  during  a 
ceremony  held  here  at  DESY, 

The  building  of  this  large  accelerator 
project      will    need    all    the  available 
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Dar  Bau  dis«es  groBen  Beschlsuniger- 
Projekts  wird  in  dsn  kommenden  Jahren 
all*  Kraft*  bei  DESY  beanspruchen*  Mann 
HERA  fsrti?gs»tsllt  ist,  dann  stehen  uns 
und  dan  Physikern  aus  Deutschland  und  aua 
allar  Halt*  dis  hiar  gsmeinsam  forschen 
warden,  vials  Jahra  irtaressanter  For- 
schungsarbait  bavor.  orr  Panofsky  hat 
achon  erwahnt.  wit  •inaalig  dia  Maschins 
HERA  tain  wird. 

Hit  HERA  batratan  wir  Nauland  in  ver- 
achiadanar  Beziehung:  physikalisches  Neu- 
land,  via  Harr  Panofsky  ausgsfOhrt 
hat.  tschnologisches  Nauland  dadurch,  daB 
wir  dia  Supralsitung  grofltechnisch  in 
Dimensionen  einsstzsn.  in  dan  an  «is  bis- 
har  in  Europa  nicht  singesetzt  word*. 
Diaaar  Einsatz  dar  Supralsitung  bci  dan 
Protonsn-Ring  auf  sainer  vol lan  Lang*  von 
6  too  erf order t  sine  intensive  und  guta 
Entwicklungsarbeit,  dia  wir  gamainsaa  nit 
dar  Indue tr is  1 sis tan  mQssan. 


"  :«#  * 


wir  batratan  such  Nauland  bazOglich 
dar  intamationalen  Zussssianarbait.  wir 
wo  11  an  ntelich  varsuchsn*  zum  srstan  Hal 
sinan  groSen  Baschlsunigsr  in  dsr  Wsiss 
zu  bausn.  wis  man  bishar  Exparimanta 
gabaut  hat.  und  zwar  in  dar  Msiss.  daB 
Partner  mitsinandsr  dia  Maschins  bausn. 
ihr*  Telle,  ihra  Komponsntan  zu  Hause 
fertigen  und  dann  nach  Hamburg  lief  em, 
un  sis  in  das  gsnsinsams  Projakt  einzu- 
bringen.  HERA  wird  Oberwiegsnd  von  dar 
Bundasrapublik  Deu  tech  land  und  von 
Hamburg  finanziart.  Aber  as  sind  namhafte 
Beitr&gs  zu  Komponsntan  von  ausl&ndischsn 
Institutes  und  Forschungsorganisationsn 
fast  singaplant. 

Ein  ganz  bssondsrs  bed su tender  Beitrag 
zu  dsr  HERA-Kaschins  1st  von  Italian,  von 
dsn  Istituto  Nationals  di  Fisica  Nucls- 
are.  in  Aussicht  gestsllt  wordsn.  Ich 
freue  nich  dsswagsn  bssondsrs.  dafi  seine 
Exzellsnz.  dsr  Botschaf tar  von  Italien. 
Prof.  Ferraris,  heute  bei  una  ist  und  uns 
ait  seiner  Anwessnheit  zsigt.  wale's 
Bedeutung  dsr  HERA- Beitrag  fQr  seine 
Ragiarung  und  in  ssinsra  Land  hat. 

Wir  betreten  noch  in  siner  anderen 
Hinsicht  Nauland.  In  der  Abbildung  ashen 
Sie  das  Synchrotron  DESY.    desssn  Bau  vor 


Mil  ItSWI  Utrlii  liclcr 

strength  at  DBSY  in  the  coming  years. 
When  it  is  finished  we  and  physicists 
from  Germany  and  from  the  whole  world  who 
will  research  together  here,  will  have 
osny  years  of  interesting  research  in 
front  of  them*  Hcrr  Panofsky  has  already 
mentioned  the  uniqueness  of  HBRA, 

With  HBRA  *e  are  treading  new  ground 
in  different  areas:  new  ground  in  physics 
as  Herr  Panofsky  has  outlined,  new  ground 
in  technology  as  we  will  be  using  super- 
conductivity m  large  dimensions,  such  as 
has  not  been  employed  in  Europe  before. 
This  use  of  superconductivity  in  the 
proton  ring  for  the  whole  of  the  6  km 
length  demands  intensive  and  good  deve- 
lopment work  together  with  industry. 

We  are  also  breaking  new  ground  for 
mternationa)  cooperation.  We  want  to 
try,  for  the  first  timet  to  build  an 
accelerator  m  the  same  way  as  one  has 
built  experiments  up  to  now,.  Partners 
will    build  the    machine    together,  con- 
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25  Jahren  beschlossen  worden  ist,  und  den 
Speichernng  PETRA,  der  jetzt  be  trie  ben 
wird  und  der  ungef&hr  die  Grenze  des 
DESY-Gelindes  bildet.  Der  HERA-Speicher- 
ring  reicht  weit  Qber  die  Grenzen  von 
DESY  hmaus  und  in  das  Stadtgebiet  von 
Hamburg  hinem.  Wir  betreter.  hier  also 
dadurch  Neu'&nd,  da£  wir  eine  Anlage  der 
Art  und  der  GroBe  von  HERA  mitten  in 
einer  groflen  Stadt  bauen,  deren  Expori- 
mentierhallen  mitten  in  dor  Stadt  liegen 
und  deren  Tunnel  auch  unter  bewohnten 
Gebieten  verlauft. 

Wir  8ind  sehr  dankbar  dj»fur,  daB  es 
die  Stadt  Hamburg  und  ihre  politischen 
Institutionen  ernsoglicht  haben ,  daB  wir 
HERA  hier  in  Hamburg  bauen  und  somit  auch 
hier  mitten  in  der  Stadt  exponmentieren 
konnon .  Das  hat  auch  emon  ganz  prakti- 
schen    und  wir tschaft lichen    Nutzen;  auf 


structing  tneir  components  at  home  and 
then  delivering  them  to  Hamburg  to  add 
them  to  the  common  project,  HERA  will  be 
predominantly  financed  from  the  Federal 
Republic  of  Germany  and  Hamburg ,  but 
significant  contributions  to  components 
from  foreign  institutes  and  research 
oiganizations  are  firmly  planned. 

A  particularly  significant  contribu- 
tion to  the  HERA  machine  from  Italy,  the 
Istituto  Rationale  di  Fisica  Nucleare,  is 
m  prospect.  I  a,v  therefore  very  glad 
that  His  Excellency,  the  ambassador  from 
Italy,  Prof.  Ferraris  is  here  today,  and 
through  his  presence  he  shows  the  impor- 
tance which  n»s  government  attaches  to 
the  HERA  construction  m  his  country. 

Vie  are  also  breaking  new  ground  in 
another  aspect:  in  the  figure  you  see  the 
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dies*  HtiM  kbnnen  wir  nlsdich  die  exi- 
stierenden  Beechleuniger,  zun  Beiepisl 
PETRAf  als  EinschuA-Maschinen  benutzen 
und  diss  Potential  froherer  Inveati- 
Uoon,  das  hier  bei  DESY  zur  verfugung 
•teht,  volletandig  fur  die  neuo  Anlags 
sinsetzen .  Hit  HERA  warden  wir  in  Europa, 
vie  schon  jetzt,  so  *uch  in  konmenden 
J&hrzehnt  zml  Hochenergiezentren  haben, 
CKRN  in  Genf  und  DESY  in  Hamburg,  und 
•omit  konnen  wir  konplementAr  Forechung 
betreiben,  via  Harr  Ponofeky  vorhin 
beechrieben  hat.  Sow* it  zur  Zukunf  t  dar 
Elenentarteilchenphysik  bai  DESY. 

Lassen  Sia  aich  noch  a  in  Vurzaa  Wort 
sag  en  zur  Zukunf t  uneeree  z  we  a  ten  wichti- 
gan  Forachungsgsbiets ,  dar  Arbeit  ait  dar 
Synchrotron  utrahlung  em  DORIS-Speicher- 
ring.  DORIS  Ut  heute  eine  dar  beaten 
Rontgenquellen,  eins  dar  bastan  Synchro- 
tronetrahlungequellen  dar  Walt.  Wir  haban 
hiar  oin  harvorragand  ausgs  statute  e  La- 
boratoriun,  daa  insbesonders  fur  die 
Rontgenphyeik  ganutzt  wird.  Sait  Eroff- 
nung  dec  Hanburger  Svnchrotronatrahlunge- 
laboratoriuna  in  Jahr  198;  hat  dia  Zahl 
dar  Kutzar  sinige  h  und  art  wieeenschsftler 
aus  Deutechland,  die  me  is  tan  von  deut- 
schen  Univereittten ,  erreicht  und  der 
Bedarf  an  und  die  Nachf rage  nach  dieaer 
wertvollen  Strahlungsquelle  nehnen  leu- 
fend  zu. 

DESY  hat  nun  a  in  Ausbauprogranio  in 
Angriff  genonmen,  das  die  QualitAt  der 
Strohlen  durch  den  Einbau  sogenannter 
W  .ggleraagnete  und  die  Zahl  dar  Experi- 
ment lerpiitze  vergroBert,  urn  so  auch  fur 
die  n  achate  Dekade  ©in  gutes  Labor  a  tor  ium 
zur  Verfugung  zu  stellen.  Wir  aind  froh, 
da6  una are  St  if tar  und  unsere  Geldgeber, 
die  Regierung  in  Bonn  und  der  Hamburger 
Senat,  In  den  kommenden  Jahren  einem 
Personal  ausbau  zugeetimnt  haben ,  urn 
dieses  Aus bau program  moglich  zu  machen. 

Die  lAngerfrietige  Zukunft  der  Syn- 
chro tronstrahlung  wird  von  verschiedenen 
Paktoren  beeinfluflt.  Zun  a in en  wird  sie 
da  von  abhangen,  ob  und  wo  eine  auropa- 
ischs  Rdntgenquelle  ^'baut  wird ,  zun 
anderen,  wie  lange  DT~IS  noch  in  den  KaBe 
wie  heute  von  den  Elemen  tar  tail  chenphyei- 
kern  gefragt  ist.  Jetzt  wird  die  Haschine 
3a    gemeinsan  von    den  Experinentatoren, 


Celebration 


synchrotron,  DBSY,  the  building  of  which 
was  agreed  to  25  years  ago,  and  tna 
storage  ring  PBTRA,  which  is,  now  being 
operated  here,  and  roughly  forms  ths 
boundary  of  the  DBSY  sits.  Ths  HERA 
storage  rings  strstch  well  beyond  the 
limits  of  DBSY  into  ths  city  of  Hamburg, 
That  we  are  building  an  apparatua  of  ths 
type  and  size  of  HERA,  whose  experimental 
Mis  lie  in  the  middle  of  a  large  city 
and  whose  tunnel  runa  under  inhabited 
areas,  is  slso  breaking  new  ground. 

We  are  also  very  thankful  that  the 
city  of  Hamburg  and  its  politiral  insti- 
tutions have  mace  it  possible  to  build 
HBRA  xn  Hamburg  and  that  we  can  experi- 
ment in  the  middle  of  the  city.  That  has 
s  practicls  and  economic  advantages  we 
can  use  the  existing  accelerators,  for 
example  PBTRA,  as  injection  machines,  and 
.therefore  exploit  to  the  full  the  inveet- 
aent  which  has  already  been  made  at  DBSY 
for  the  new  apparatus.  With  HBRA  we  will 
have  in  the  next  decade,  as  we  have  now, 
two  high  energy  physics  centres  in 
Europe:  CBRN  in  Geneva  and  DBSY  in  Ham- 
burg which  can  undertake  complementary 
research,  as  Prof.  Psnofsky  has  el reedy 
described.  So  much  for  the  future  of 
elementary  particle  physics  at  DBSY. 

let  me  briefly  mention  the  future  of 
our  second  important  area,  the  synchro- 
tron radiation  work  at  the  DORIS  storage 
ring.  Today  DORIS  1*  one  of  the  best 
X-ray  and  synchrotron  radiation  sources 
in  the  world.  We  have  an  excellently 
equipped  laboratory  hire,  which  is  msinly 
used  for  X-ray  physics.  Since  ths  opening 
of  the  Hamburg  Synchrotron  Red ist ion 
laboratory  11  1981,  the  number  of  users 
has  reached  several  hundred  scientists 
from  Germany,  predominantly  from  univer- 
sities, and  the  demand  for  thia  valuable 
radiation  source  is  steadily  increasing. 

DBSY  has  now  started  a  developaent 
program  to  improve  the  quality  of 
radiation  by  the  installation  of  so- 
called  wiggler  magnets  anC  to  increase 
the  number  of  experimental  areas,  so  thet 
a  good  laboratory  will  also  be  available 
in  the  next  decade.  We  are  glad  that  our 
sponsor*    and    financiers,      the  Federal 
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die  mit  der  Synchrotronstrahlung  arbei- 
ten ,  und  von  den  Hochenergiephysikern 
genutzt. 

DESY  feiert  25.  Geburtstag  und  in 
allgemeinen  f  rout  man  sich  Qber  Gebu"*ts- 
tagsgeschenke  an  so  einem  Tag.  Es 
s"heint,  daB  die  Natur  una  eine  Uberra- 
schung  zum  G« bur  stag  beachert  hat.  Bei 
DORIS  wurden  im  Crystal  Ball-Detektor, 
der  von  Stanford  nach  Hamburg  kara,  un  am 
DOR  IS- Spa  icherring  gemeinsam  von  aroerika- 
nischen  und  europMschen  Physikem  be- 
trieben  zu  warden,  Anzoichen  fur  ein  sehr 
Qberraschendes  Elementarteilchen  go  fun- 
den  ,  das  etwa  die  achtfache  Masse  eines 
Wasserstoffatoms  beeitzt  und  dessen  Exi- 
stenz  und  Eigenschaf ten  mit  unseren  bis- 
herigen  theoretischen  Vorstellungen  vom 
Aufbau  der  Natur  nicht  erklarbar  erschei- 
nen.  Es  ist  sicherlich  kein  Teilchen,  daB 
etwaa  mit  Qjarks  oder  Gluonen  cier  Lepto- 
nen  zu  tun  hat,  sondem  etwas  vollig 
anderf  f  •* 

Wir  mQssen  diese  ere ton  Anzeichen  noch 
sorgf&ltig  prufen,  bevor  wir  sag en 
konnen,  daB  es  wirklich  eine  Entdeckung 
ist.  Und  gegenwartig  ar bei ten  die  Physi- 
ker  bei  DORIS  daran,  dieses  Ergebnis, 
wenn  raoglich,  zu  erharten.  Sollte  es 
sich  bestatigen ,  dann  ist  es  allerdings 
sehr  aufrogend,  dann  ist  es  eine  echte 
Entdeckung,  die  uns  einon  wichtigen 
Schritt  weiterbringen  konnte  in  der  Er- 
kenntnis,  wie  die  Natur  im  Innersten 
funktioniert.  Vielleicht  gelingt  die  Auf- 
klarung  bis  zum  richtigen  Geburtstag  am 
18.  Dezember. 

Ich  will  nun  am  Ende  weir.es  SchidBwos- 
tes  ua  Namen  a  Her  Mi  tar  be  iter  von  DESY 
und  aJler  Physiker  und  wissenschaf tier 
aus  Deutschland  und  aus  dem  Ausland,  die 
hier  bei  DESY  ar  bei  ten  und  forschen 
konnen,  den  Dank  an  die  stifter  ausspre- 
chon  £Qr  die  GrQndung  von  DESY  und  fur 
die  dauernde  und  vertrauenovolle  Unter- 
stQtzung  unseres  Laboratoriums  Qber  25 
Jahre  hinweg  und  mit  dem  Wunsch 
schlieBen,  daB  unsere  Arbeit  bei  DESY  in 
den  ]etzt  beg  inn end en  25  Jahre n  ebon so 
erfolgreich  so  in  moge  wie  in  der  ]etzt  zu 
Ende  gehenden  Periode. 
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government  and  the  Hamburg  senate  nave 
agreed  to  an  increase  »n  our  personnel, 
to  make  this  development  possible. 

The  long  tern  future  of  synchrotron 
radiation  depends  on  a  number  of  factors* 
On  the  one  hand  it  depends  on  whether  and 
where  a  European  X-ray  source  is  built 
and  on  tne  other  hand  how  much  longer 
DORIS  is  demanded  on  its  present  scale 
for  high  energy  physics.  At  the  moment 
the  machine  runs  joirtly  for  synchrotron 
radiation  and  high  energy  experiments, 

DESY  celebrates  its  25th  birthday 
today  and  normally  one  looks  forward  to 
birthday  presents  on  such  a  day.  It 
appears  that  nature  has  prepared  a  sur- 
prise for  us.  At  DORIS,  the  Crystal  Ball 
detector,  which  came  to  DORIS  from 
Stanford  U.S.A.  to  be  run  jointly  by 
American  and  European  physicists,  has 
seen  indications  for  a  very  surprising 
elementary  particle.  It  has  about  eight 
times  the  mass  of  a  hydrogen  atom  and  its 
existence  and  properties  are  not 
compatible  with  our  present  understanding 
of  nature.  It  is  certainly  not  a  particle 
that  has  anything  to  do  with  normal 
quarks,  gluons  or  leptons,  rather  some- 
thing completely  different. 

We  still  have  to  check  carefully  these 
indications  before  it  can  definitely  be 
said  that  it  is  a  discovery.  Physicists 
at  DORIS  are  presently  working  on  trying 
to  strengthen  tne  result.  Should  it  be 
confirmed,  it  would  be  very  exciting, 
because  it  is  a  discovery  which  could 
bring  us  a  step  further  in  our  knowledge 
of  how  nature  work*.  Perhaps  an  explana- 
tion will  be  available  before  our  true 
birthday  on  18th  December. 

At  the  end  of  my  closing  address,  on 
behalf  of  all  the  staff  at  DSSY,  the 
physicists  and  scientists  from  Germany 
and  abroad  who  can  work  and  research 
hore,  I  would  like  to  thank  the  sponsors 
for  founding  DESY  and  for  their  continued 
and  trusting  support  over  the  last 
25  years.  We  hope  that  our  work  at  DESY 
in  tne  next  25  years  will  be  just  as 
successful  as  that  in  tne  last  25  years. 
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Theory  Workshop 


DESY  Theorie- Work shop 


DBSY  Theory  Workshop 


Der  schon  zur  Tradition  gevordene  DESY 
The or ie- Work shop  f and  in  dies era  Jahr  v&h- 
rend  der  Fest-  und  Information swoche  an- 
lABlich  dee  25}&hrigen  Jubil&uns  von  DESY 
statt.  Er  wurde  am  Nachmittag  des  '24. 
Septembers  rait  einera  wissenschaf t lichen 
Kolloquiura  eingeleitet,  auf  den  in  vier 
Vortragen  >in  RQckblick  auf  die  El  omen - 
tarteilchenphysik  und  die  Experiraente  nit 
der  Synchro  tronstr  ah  lung  gegeben  wurde. 
M.  Sands  (Santa  Cruz)  spraoh  Ober  'High 
Energy  Machines  -  DESY  and  the  World", 
H.  Meyer  (Wuppertal)  Qber  "High  Energy 
Physics  at  the  DESY  Accelerators", 
H.  steinmann  (MQnchen)  Qber  "Highlights 
in  Synchrotron  Radiation  Research"  und 
H.  Fritzsch  (MOnchen)  Obar  "Facts  and 
Visions  in  Subnuclear  Physics," 


Schverpunkttheraen  des  Workshops  waren 
schwacho  Wechselwirkungen  von  schweren 
Quarks.  Erweiterungen  des  Standard-Mo- 
dello,  zura  DeispieJ  das  "Comopsite- 
Modell",  Model le  der  schwachen  Wochsol- 
wirkung  und  em  Bericht  Qber  die  Fort- 
schritte  uei  Gittereichtheorien  mit 
Fermioncn.  Das  Organisations-Komitee 
(H.  Fritzsch,  F.  Gutbrod,  D.  Haidt, 
H.  Lehmann,  D.  Schildknecht )  hatte  11 
Vortragendo  emgeladen,  zu  diesen  Cebie- 
ten  Qber  experimen telle  und  theoretische 
Ergo bn is so  und  Vorstellungen  zu  refe- 
rieron.  AuBordem  gab  es  Kurzvortrage ,  die 
mteressante  Anregungen  brachten. 


E.  H.  Thorndike  (Rcchestor)  berichtete 
Qber  die  neucsten  Ergebnisso  von  CESR 
Spoichorring  in  Cornell.  Die  Messungen 
oberhalb  des  Y(4S > -Zustands  zeigten 
Strukturen  mit  zwei  neuen  Resonanzen.  Die 
Untersuchungen  von  semileptor.ischen  Zer- 
f Allen  der  B-Mesonon  liofern  im  Zusannen- 
hang  mit  den  gomes senen  Lebensdauern 
wichtige  Inf ormationon  Qber  die  Parameter 
dor  Kobayashi-Maskawa -Matrix. 


The  traditional  DESY  Theory  Workshop 
Has  held  during  the  "fast-  und  Jnforoa- 
tionswoche-  which  marked  the  2Sth  anni- 
versary of  DBSY,  It  started  with  a  scien- 
tific colloquium  with  /our  review  talks 
on  the  history  of  elementary  particle 
physics  end  experiments  with  synchrotron 
radiation  in  the  afternoon  of  September 
24th,  The  lecturers  were  M.  Sands  (Santa 
Cruz)  on  "High  Energy  Machines  -  DESY  and 
the  World",  H.  Meyer  (wuppertal)  on  "High 
Energy  Physics  at  the  DESY  Accelerators", 
H.  Steinmann  (MUnchen)  on  "Highlights  m 
Synchrotron  Radiation  Research"  and 
H.  Fritzsch  (Munchen)  on  "Facts  and 
Visions  in  Subnuclear  Physics". 

The  workshop  concentrated  on  weak 
interactions  of  heavy  quarks,  on  non- 
standard, e.g.  composite  models  for  weak 
interactions,  together  with  a  progress 
report  on  lattice  gauge  theories  with 
fermions.  The  organizing  committee 
(H.  Fritzsch,  F.  Gutbrod,  D.  Haidt,  H. 
Lehmann,  D.  Schildknecht)  had  invited 
eleven  lecturers  to  present  experimental 
and  theoretical  ideas  m  these  fields. 
Snort  communications  also  contributed 
interesting  material. 

E.  H.  Thorndike  (Rochester)  reported 
on  recent  results  from  the  CESP  storage 
ring  at  Cornell.  The  energy  scan  tn  the 
region  above  the  Y(4S)-state  shoved 
structures  with  two  new  resonances.  The 
study  of  semileptonic  decays  of  B-mesons, 
when  combined  with  the  B-lifetime  re- 
sults, leads  to  important  information  on 
the  parameters  of  the  Kobayashi-Maskawa 
matrix. 

K.  Hayes  (SLAC)  explained  the  art  of 
extracting  the  tiny  offset  of  the  decay 
vertex  of  heavy  acsons  produced  in  elec- 
tron-positron annihilations.  It  was  gra- 
tifying to  see  how  consistently  five 
experiments  came  up  with  a  B-Ufetime 
of  around  one  picosecond. 
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Theorie-Vtorkahop 


Theory  Workshop 


f  „  S 
2ft  • 


fill  ICS!  J»r|ia  Sc'tHt  <)79Q0/!> 


«f.  Paul  M.  Sands 


K.  lis y on  (SLAC)  beschneb  die  Kunst, 
den  winzigen  Abstand  den  Zorf allsspunktes 
von  .8chweren  Me son en  zu  bestimraen*  die 
in  Elektron-Positron-Vormchtung  erzeug- 
ten  wurden.  Erfreulicher^et se  konnten 
fQnf  Expenmente  die  Lebensdauer  des  B- 
Mesons  ubereinstimmend  zu  etwa  einor 
Pikosekunde  angeben . 

C.  Jarlskog  ( Bergen/Stockholm  >  gab 
einen  umfassenden  Oberblick  zum  gegenw&r- 
tigen  stand  des  "family  mixings".  Die 
Art  des  Quark-Mixings  konnte  zieralich  eng 
eingegrenzt  werdcn.  wahrend  die  Hischung 
der  eraten  und  der  zweiten  Generation 
durch  den  Sinus  des  Cabibbo-Wmkels 
(>  0»23)  gcgeben  ist,  1st  die  Hischung 
der  zvoiten  und  dritten  von  der  GroSen- 
ordnung  seines  Quadrates  und  die  der 
erstef  und  dritten  Generation  hochstens 
so  grob  wie  seine  dritte  Potenz. 

Die  schwachen  Zerfalln  sind  ein 
wertvolles  Filter  fur  schvere  Quarks  in 
Elektron-Positron-Jets ,  besonders  wenn 
diverse  Jet -Parameter  im  7usa.nrnenhang 
untersucht  werdcn.  Wie  R.  Marshall 
(Rutherford  Lab.)  darlegte,  hat  sich  fur 
die  Fragmentation  schwerer  Quarks  ein 
einheitliches  Bild  ergeben.  Die  Axial - 
ladung  des  b-Quarks  kann  sehr  gut  durch 
die  asyirmetrische  Wmkelverteilung  bezdg- 
lich  der  Strahlrxchtung  gemessen  warden. 
Sie  stimmt  rait  den  Vorhersagen  des  Stan- 
dard-Modells  uborein. 


U  


fU  ttU  Jir|M  Sci«l/t  O7!00/» 
K,  Johnson      5.C.C.  Ting    w.K.H.  Panofsky 


C.  Jarlskog  ( Bergen/Stockhola)  gave  a 
comprehensive  review  of  our  present  know 
ledge  on  the  question  of  family  mixing. 
The  pattern  of  quark  mixing  has  been 
pinned  down  tightly,  while  the  mixing  of 
the  first  and  second  family  is  given  by 
the  sine  of  the  Cabibbo  angle  f-  ,23), 
the  mixing  between  the  second  and  third 
family  is  of  the  order  of  its  square  and 
the  mixing  between  the  first  and  the 
third  generation  is  at  most  of  the  order 
of  its  cube. 

The  weak  decays  provide  a  valuable 
filter  for  heavy  quarks  m  electron- 
positron  jets,  especially  when  several 
jet  variables  are  analysed  m  conjunc- 
tion. As  ft.  Marshall  (Rutherford  Lab,) 
showed,  a  consistent  picture  for  heavy 
quark  fragmentation  has  emerged.  The 
axial  charge  of  the  a -guar*  can  be  well 
measured  due  to  the  asymmetric  angular 
distribution  with  respect  to  the  beam 
axis.  It  agrees  with  the  standard  model 
predictions. 


The  ARGUS 'Collaboration ,  working  at 
DORIS  11  was  represented  by  j.  stiewe 
(Heidelberg).  He  showed,  amcng  many  other 
results,  evidence  for  the  F*  at  a  mass  of 
2114  HeV,  M*o  five  good  candidates  for 
antideuterons  have  been  observed,  the 
rate  being  qual  tatively  in  .  ac^rdance 
with  thermodynamic  expectations. 
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rm  ICS?  JirfM  Scitlit  (HUMS) 


E.  Lohnaann  P.  Dalitx 


FOr  die  ARGUS-Kollaboration,  di«  an 
DORIS  II  arbeitet,  benchtete  J.  Stiewe 
(Heidelbonj) .  No  ben  vielen  anderen  Roaul- 
taton  iaigt©  er  Hinweise  fQr  das  F*  bei 
emer  Masie  von  2114  MeV.  Au8erdein  vurden 
fGnf  aichero  Kandldaten  fQr  Antideutero- 
nen  beobachtet,  deren  Erzeugungarate 
quail tativ  mit  dan  therm  odynaxnioch  en 
Erwartungtn  Qbereinstiimt . 

B.  Stech  (Heidelberg)  widaete  den 
groBten  Tell  semes  Vortrags  den  schwa- 
chen  Zerf alien  von  schweren  Kesonen.  Er 
stattto  sich  auf  erne  effective  Hamilton- 
Funk  tion,  die  die  Hehrzahl  der  nicht- 
leptonischen  Zvei-Korper-Zerf alle  er- 
folgreich  bo3chreibt. 

S.  Nussmov  (Tel -Aviv)  trug  verschie- 
done  Method  on  zur  Herleitung  von  Massen- 
Ungleichungen  vor.  Zum  Beispiel  veranlafit 
durch  potential -Ann iiche  Modelle  hat  man 
viele  Hasson-Ungleichungen  in  der  Gittor- 
QCD  erhalten  (sowohl  in  Kamiltc.ischen  als 
auch  im  Euklidiflchon  Formal  lsreus ) . 

Obwohl  das  Standard-Model 1  fQr  die 
olektroschwache  Wechsel virkung  anschei- 
nend  ausgezeichnet  f  unk  tinier  t ,  gibt  eg 
gute  GrOnde>  es  zu  erweitern>  wie  D. 
Schildknecht  (Bielefeld)  erkl&rte.  Eine 
Hoglichkeit  besteht  darin>  die  W-  und  Z- 
Bosonen  als  zusannengesetzt  anrunehnen , 
was  dann  zu  Abweichungen  van  Standard - 
Modall  fQhren  vurde.    Dadurch  erhalt  iftan 


Theory  WorJcahop 


■  s 

rm  its?  Jif|ft  icitiu  <)7fu/i) 


J.  von  Krogh    C.  tteinzeinenn    J,  Heintze 


B.  stech  (Heidelberg)  devoted  the  main 
part  of  his  talk  to  weak  decays  of  l»**vy 
mesons.  He  worked  with  op  effective 
H&mil toman  which  successfully  describes 
the  bulk  of  non-lcptonxc  two-body  decay 
data. 

S.  Nussinov  (Tel-Aviv)  reviewed  vari- 
ous methods  to  derive  mass  inequalities. 
Partially  motivated  by  potential -like 
models,,  many  mass  inequalities  have  been 
obtained  in  lattice  QCD  (both  in  its 
Hamiltonian    and  Euclidean    formulation) . 

Although  the  standard  electroweak 
model  seems  to  work  beautifully,  there 
are  good  re  a  tons  to  go  beyond  it,  as 
D.  Schildknedt  (Bielefeld)  emphasned. 
One  way  of  1S  to  consider  W's  and  Z*s  as 
composites,  which  leads  to  departures 
from  the  standard  model .  These  ideas 
predict  a  rich  spectrum  of  heevy  partic- 
les in  the  200  Cev  range,  and  consequent- 
ly many  unusual  events  in  collider 
physics. 

J.  Kogut  (Urban*)  reported  on  the 
attempts  to  put  fenoions  on  the  lattice. 
There  are  still  the  limitations  posed  by 
the  No-Co  theorem  in  connection  with 
species  doubling  and  chiral  symmetry.  But 
progress  has  been  made  in  understanding 
the  nature  of  the  finite  temperature 
decon fining  transition  which  also  re- 
stores chiral  symmetry. 
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Theory  workshop 


Vorhcrsagon  £Qr  em  uref angreichos  Spok- 
trum  an  schweren  Toilchen  ira  Bereich  von 
200  GeV  und  folglich  erne  Reihe  von  unge- 
vohnlichm  Ereignisten  an  Col  1 ider-Expe- 
r  men  ten. 

J.  Kogut  (Urbane)  berichtete  Qber  die 
BemOh-ingen,  Gitteroichtheorien  fdr  Fermi - 
onon  zu  formulioren.  Dabex  smd  noch  die 
Problorae  zu  kl&ren,  dio  vera  No-Go-Thoorera 
bozdglich  der  Artenvordopplung  (soecies 
doubling)  und  chiralen  Symmetric  *ge- 
worfen  werden.  Aber  es  wurden  Fort'  t- 
te  geraacht  im  Verst&dms  der  Natu.  Jes 
Deconf inement-PhasenQbergangs  box  end- 
licher  Tamporatur,  der  gleichzeitig  die 
chirale  Symmetric  wiodor  hers  tell t. 


Mi*  • 


4 


*s5&»  4$ 


Von  T.  Walsh  (Minnesota)  wurden  zura 
Hi  em a  "Exotischo  Teilchen"  (unterhalb 
1  ToV)  emige  unerwarteto  exporunentolle 
Entdeckungen  vorgietellt,  speziell  elek- 
trocnagr.etische  Zorf511e  dos  Z0 ,  anotnale 
Jots  *  bei  Proton-Antiproton-Vcmichtung 
und  das  CELLO-Ereignie .  Die  theoretischen 
Versuche,  diese  Eroigmsse  zu  mterpre- 
tioren,  basieren  auf  Corapositness  und 
Su  per  s  yiws  e  tr  i  e . 


In  abschl ie6enden  Vortrag  beschrieb 
H.  Poskm  (SLAC)  die  augenbl ickl  ichen 
Konzopte  bei  der  Sue  he  nach  dera  Higge- 
To lichen.  Diverse  Uberleyungon  fdhren  zu 
Gr< nzen  oder  Bereichen  fdr  r-tine  Masse, 
und  so  muB  man  auch  mehrere  Moglichkeiten 
bei  der  experimentellen  Suche  berQcksich- 
tigon.  Es  hat  slch  herausgestellt ,  dafl 
das  (spater  nicht  bestatigte)  Zeta(8320)- 
Toilchen  nicht  so  leicht  an  die  Vorhersa- 
gen  fflr  em  Higgs -Teilchen  angepaSt 
werden  kann.  Wahrschemlich  »ufl  man  noch 
e'ne  Weile  auf  die  Entdeckung  des  Higgs- 
Teilchons  war ten,  das  erne  zentrale  Rolle 
bei  der  Erzeugung  von  Massen  spiel t. 


Several  unexpected  experimental  fin- 
dings were  presented  by  T.  Walsh  (Min- 
nesota) in  his  talk  on  Txotic  Particles" 
(with  bassos  below  1  VeV) ,  in  particular 
radiative  ZO  decays,  anomalous  jets  from 
the  proton-antiproton  coJJider  and  the 
CELLO  event.  ZTieoreticaJ  attempts  to 
interpret  these  events  are  based  on  com- 
positeness  or  supersymaetry. 

In  the  concluding  lecture  H.  peskin 
(SLAC)  explained  the  present  concepts  how 
to  pursue  the  Higgs  particle.  Soveral 
ideas  give  limits  or  suggest  ranges  for 
its  mass,  end  correspondingly  one  has  to' 
consider  aany  options  for  the  experimen- 
tal search.  It  became  clear  that  the  (no 
longer  healthy)  Z*ta(B320)  particle  did 
not  fit  easily  into  „ne  expectations  for 
a  Higgs  particle,  .erhaps  we  will  have  to 
wait  a  bit  longer  for  the  discovery  of 
the  Higgs  particlet  with  its  central  r6Je 
for  mass  generation. 


Frau  H.  Laud i en  und  Frau  X.  Schwartz 
habon  viel  zu  der  angenehmen  Atmosph&re 
dos  Workshops  beigetragon  und  waren  fOr 
die  Teilnehmer  und  Organisatoren  erne 
wertvolle  Hilfe. 

F.  Gutbrod/H.  Lehmann 


Mrs.  H.  Laudien  and  Mrs.  I.  Schwartz 
provided  most  valuable  help  to  the  parti- 
cipants and  organizers  and  contributed  to 
the  pleasant  atmosphere  of  the  workshop. 

F.  Cutbrod/H%  Lehmann 
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Betriebafest 


Works  Festival 


Vial  Spafi  bei  der  intemen 
Geburtstagsfeier 


lots  of  Fun  at  the 
Internal  Birthday  Party 


Das  DESY-Botriebsfest  fand  ebenffalls 
in  der  Jubilaurasvoche  statt  und  gestal- 
teta  si ch  zu  einer  echten  Geburtstags- 
party.  Unter  <\er  Leitung  von  Rolf  Panpe- 
rin  und  Hannelore  Grabe  stellte  das  Fest- 
komitee  far  die  DESY-Mitarbeiter  t  ihre 
Fanilien  und  Freunde  ein  bunt* 5  Programn 
zusamnen,  bei  dera  Spiel*  SpaB  und  Unter- 
haltung  groS  geschrieben  varan.  Viele  der 
Darbietungen  wurden  von  "hauseigenen" 
KQnstlern  arrangiertf  zun  Bei spiel  die 
Pantonine*  das  Zaubern*  Kabarett*  Tanz- 
und  Disco-Musik. 

Der  Erlfts  dieses  Festas  sollte  fur 
einen  guten  Zweck  gespendet  werden;  er 
wurde  zu  einecn  gro&en  Toil  wahrend  einer 
Samelaktion  erzielt,  tt»Ucraftig  unter - 
stQtzt  von  einer  Drehorgel.  Am  Ende 
konnten  einer  Be hinder ten-Sonderschule  in 
der  Nachbarschatt  4420  DM  Qberreicht 
werden. 


The  DESY  Works  Festival  was  also  held 
in  the  jubilee  week  —  it  turned  out  to  a 
real  birthday  party!  Lndei  the  chair  of 
Rolf  Pamperin  and  Hannelore  Grabe  the 
festival  committee  arranged  a  colourful 
prograam  for  the  DESYaner,  their  families 
and  friends  with  a  variety  of  games,  fun, 
and  entertainment.  Many  of  the  presenta- 
tions were  done  by  DESY  artists*  e.g.  the 
aioe  show,  the  magic  show,  the  cabaret, 
the  dancing  and  disco-ausic. 


The  proceeds  of  the  festival  were 
intended  to  be  contributed  to  a  chari- 
table cause.  The  money  was  mainly  given 
during  a  collection  vigorously  supported 
by  a  barrel-organ.  Finally  an  amount  of 
4420  DM  could  be  donated  to  a  School  for 
Disabled  Persons  in  the  DESY  neighbour- 
hood* 


f*t«  till  Htttfi  tlttkallltr 
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T*3  dT  Offenen  Tor 


Open  gay 


Groflee  Intereeee  an  DE5Y 


Croat  Interest  in  DBSY 


Es  kann  uicht  nur  an  achonen  Wetter 
gelegen  haben ,  daB  der  letxte  Tag  der 
Feat-  und  In format ion «woche  euf  solches 
Interesae  geetoBen  1st.  Knapp  10". 000 
Beaucher  kaaen  zu  DESY,  urn  eich  vor  Ort 
Qber  die  Hochenergiephyeik  im  allgeraeinen 
und  die  DESY-Beschleuniger  und  -Experi- 
ment* zu  mf  ormieren  • 

Standi  iche  Einfuhrungevortrage  berei- 
teten  die  Beaucher  auf  die  drei  kundkurse 
vor,  von  deren  der  l&ngite  zvei  St und on 
dauerte.  Die  Fufiouden  hat ten  Gelegenhoit, 
in  die  Elektrobahn  odor  in  Buaae  zu 
■toigon.  Neben  den  Hauptanlauf a tell en 
(Beschleuniger-Kontrollraum  und  -Tunnel* 
Hochenergieexperimente  und  HASYLAB) 
atieSen  aber  auch  die  Abatecher  zun 
Roche nzentrum,  den  Werketltten,  Speziel- 
labors  und  zur  HE RA-Baua telle  Weet  euf 
grofles  Interesae. 


Nearly  10,000  came  to  visit  DBSY  on 
the  last  day  of  the  "Feat-  und  rnforma- 
tionswche".  They  were  not  only  attracted 
by  the  wonderful  weather,  but  showed 
special  interest  in  learning  about  high 
energy  physics  in  general  and  the  DBSY 
accelerators  and  experiments. 

Introductory  talks  were  held  every 
hour  to  prepare  the  visitors  (or  the 
three  circular  toursf  the  longest  ot 
which  too*  two  hours.  An  electric  train 
and  busses  transported  those  who  were 
tired. 

Main  pcints  ot  the  tours  vere  the 
accelerator*  control  room  and  tunnels,  the 
high  energy  experiments  and  HASYLAB,  but 
the  visitors  showed  the  same  great  in- 
terest m  the  computer  centre,  the  work- 
shops, the  spacial  laboratories  and  the 
HBRA  West  building  site. 


rtlt  mi-'t  fltflfi  Ittttr 
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Dtn  JOUftMAL 


D  M  S  Y      J  0  U  If  H  A  L 


DM  CtSY  JOURNAL  lnfontitft 
Qbar  <!*■  for ac hung azantrui  DCSY. 


JT»  D*SY  JOUKMAL  raporto 

Oft  tha  r*»»«rcn  cantro  DCSY. 


Radaktlon- 
f*tra  H*ma 

Crt^tlk: 

Halkt  Cv«r«  una  Warpar  Knaut 

sakrotaxUt. 

Baata  Nichtar 

Dvgllacb*  Ubarntr.ungan . 

Ian  c.  Brock 

Druck' 

Ht-Druck*  H.Sung,  2000  Hamburg  71 


Mi  Cor: 
Fatra  Nan* 

Grsphio: 

Maika  fvara  and  attrnar  m»ut 

Sac  rata  ry: 

Aaata  Aiefttar 

ffnplian  translation*: 
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fill  ItSI  Jlr|ii  Sctalll  (37911/25) 


Geraemtara  nut  Willibald  Jentschke  und 
Volker  Soergel  xeiern  34  DLSYaner  ihr 
personliches  25jahnges  DESY-Jubil&um, 
woboi  Erinnerungen  sn  die  Anf&nge  ausge- 
tauscht  vurden.  Besonderc  deutlich  hatten 
omige  noch  lhren  era  ten  Arbeitsplatz  vor 
Augen:  eir.e  DachgeschoUwohnung  ua  phyei- 
Kflischen  Institut  der  Hamburger  Univer- 
sity n*c  Blick  auf  den  Xnnenhof  dee 
Un tor suchunq bc of angn i s so s . 


Together  with  Willibald  Jentschke  und 
Volker  Soergel  34  DESYaner  celebrated 
their  personal  25th  DESY-anm .  TSAry. 
They  exchanged  reminiscences  on  th*  be- 
ginning of  DESY  and  a  few  of  then  c«.  tld 
still  remember  very  well  their  first 
offices  in  an  attic  in  the  Physics  In- 
stitute of  the  University  of  Hsaburg  with 
a  view  into  the  inner  courtyard  of  the 
prison. 
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HERA  -  A  Super-Electron  Micro- 
scope for  Studying  the  Smallest 
Building  Blocks  of  Matter  - 

From  1984  to  1969  tha  Hsdron-Bsctroo-Wng- 
Accotortfor  HERA,  a  iargo  Inatrumont  for  funda- 
mental raaararch  la  to  bo  built  at  tha  Dautachaa 
BaWrooorvSyrvcrtrotron  DESY  In  Hamburg.  With 
HERA  roooarct)  Into  tha  amaHaat  atructuraa  of  tha 
n^ar>acopteworWw«ltakaao^dalvaatapfofwa^ 


In  HERA,  aJactrona  and  tha  2000  tlmaa  haavlar  pro- 
tona  will  circulate  In  a  vacuum  In  two  aaparata 
*atorago  rlnga*  mounted  on  top  of  oach  othar  In  a 
&3  Mlomatra  undaryround  turtnaL  Tha  partlclao 
trtvallrvoppoartaolractkxMatalmoatthaapoadof 
UghtguWadbym^r>atk:fWo%.Thayafaatk5¥^ 
to  coWda  with  aach  othar  In  four  aaparata  Interac- 
tion points.  Tha  coWJTlona  art  oboarvad  m  oompJax 
"datactort*.  Aocurata  maaauramariti  of  thaaa  pro- 
ottass  \MQ  Drovidt  IntMHMHon  on  tha  arailaat 


atructuraa  of  matttr  down  to  dimansona  of 
0.000  000  000  000  000 1  miiiimatraa. 

A  grwtt  daal  of  advanced  technology  lanaadadto 
build  HERA.  Thla  Includaa  auperconductlng  mag* 
nata  for  tfca  proton  ring,  larga  oryogan1  instalia- 
tfona  for  liquid  helium,  ultra-high  vacuum  systeme, 
high  powar  radio  fraquancy  aqulpmant  and  an  ad- 
vancad  oomputar  natwork  for  controlling  the  whole 


HERA  will  ba  built  with  international  participation. 
Tha  foreign  partnara  will  euppry  components  which 
thay  will  develop  and  build  In  thalr  own  countriee. 
Continuing  In  what  la  a  tradition  at  OESY,  scientists 
from  all  ovar  tha  world  wi!  I  ba  able  to  worK  on  HERA. 

HERA  will  ba  tha  first,  and  probably  for  many  yaara 
tha  only  alactron-proton  atorago  ring  In  tha  world 
This  puts  DESY  into  a  unique  position  aa  a  laadlng 
laboratory  for  tha  study  of  tha  structure  of  matter. 
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The  Mystery  of  Matter 


Man  hat  only  a  wjry  restricted  view  of  the  world  in 
wttteh  ha  Uvea  due  to  the  VmHed  ability  of  the  eye  to 
reeotve  either  small  or  far  away  objects  However, 
mis  obatacia  doaa  not  axlat  for  hla  mind  and  for  ma- 
r*  centuries  he  hMtted  to  ovenx^hlana^ 
mltatlooawtmtechnk^ddelnor^ 
Into  tha  macro-  and  mteroaomte  world 

Tha  first  technlceJ  alda  wart  glaaa  leneee,  from 
wMch  first  tha  talaaoopa  and  than  tha  mtoroaoopa 
wacaotv^opadExcftir^olacc^aalnaatrorwrny 
ware  mada  which  lad  to  a  daapar  knowledge  of  our 
worklThaya^cT^ttodattror^c^arKjfofbatttr 
and  battar  talaacopaa.  Tha  latest  devetopmeota  in 
thlavarrturai«tt>«i*roarad<ota»aacop^»rKlv^- 
oua  inatrumanta  bom  by  aatallrtaa  to  obaarva  dle- 
tent  objects  In  apaoa. 

No  lees  exciting  haa  baan  tha  atap  by  atap  unravel- 
ling of  tha  world  of  tha  small,  eventually  down  to  ex- 
ploring tha  natura  of  mattar  Itaarf.  With  tha  mlro- 
acopa  K  waa  poaaibla  to  aaa  that  mattar  waa  mada 
of  amailar  structuree:  for  example,  a  IMng  organism 
Is  mada  of  alngia  coils.  About  100  yaara  ago  tha 
next  stage  was  reachad:  mattar  waa  found  to  be 
mada  of  molecules  which  In  turn  art  mada  of 
atoms.  The  tramendoua  variety  In  which  matter 
appears  was  thereby  reduced  to  leas  than  100 
different  types  of  atoms:  tha  chemical  elements. 

At  the  beginning  of  this  century  It  waa  recognized 
tha*  stoma  were  not  tha  indivisible  elementary  par- 
ticles they  were  originally  thought  to  be.  Instead, 
th  ey  are  like  miniature  planetary  syettms  with  e  po- 
sitively charged  nucleus  at  the  centre  and  nega- 
tively charged  electrons  circulating  around  It  The 
nuclei,  which  contain  almost  all  tha  mass  of  tha 
atoms,  are  in  turn  made  from  other  particles,  the 
protons  and  tf.e  neutrons.  Atoms  can  therefore  be 
described  as  being  made  of  three  'elementary* 
constituents,  the  proton,  the  neutron  and  the  elec- 
tron. 

Are  these  particles  correctly  termed  "elementary*? 
I  n  studies  of  the  radiation  coming  from  the  sun  and 
from  space,  and  since  the  fifties  also  In  experi- 
ments at  accelerators,  many  new  short-lived  par- 
ticles were  discovered  which  merit  the  ten-n  "ele- 


mentary* equally  wail.  They  are  related  to  the  nuo- 
lear  conatttuarrta  and  with  them,  form  the  family  of 
"hadrona".  Relatives  of  tha  electron  ware  eieo 
found  which  together  wtth  tha  electron,  form  the 
family  of  Teptons*. 

Given  this  multitude  of  different  partJdee  one  be- 
gan  to  suspect  that  they  were  not  really  the  ultimata 
elementary  buKoTng  Weeks  of  matter.  Expedrnents 
with  vary  energetteelectrone  from  accelerators  (for 
example  me  DESY  syrK^rotron)  enabled  the  Inner 
structure  of  the  proton  to  be  "Illuminated*.  Further 
research,  for  example  on  the  storage  rings  DORIS 
and  PETRA  at  DESY,  ahowed  that  the  hadrona  are 
made  of  eubetractwee  named  queries.  The  proton 
and  the  neutron  are  each  mada  of  three  quarks. 
However,  the  elec^on  shows  no  structure.  It  still 
appears  to  be  pc  ^ke  and  elementary. 

According  to  our  present  understanding  there  are 
six  kinds  of  laptona  and  six  Wnds  of  quarks.  Five  of 
tha  quarks  have  so  far  baan  Recovered  and  the 
sixth  is  being  searched  for  at  the  targe  accelera- 
tors. All  the  matter  a.*oond  us.  is  exxnpoeed  of  only 
two  verteuee  of  quarka,  the  *d*  and  the  "u",  together 
wtth  the  electron.  The  other  quarka  and  leptona 
played  an  important  role  In  the  creation  of  mattef.ln 
the  early  stages  of  the  universe  they  were  trans- 
formed Into  the  forms  of  matter  we  now  aae. 

Are  theee  quarks  and  leptona  reairy  the  ultimate  in- 
divisible building  blocks  of  mattar?  Why  than  are 
there  Just  two  timet  six  kinds  of  pertidee?  Many 
physicists  doubt  that  tha  eecrete  of  matter  have 
reairy  been  unravelled  as  long  aa  no  etatiefactory 
explanation  for  thla  scheme  haa  been  found.  They 
suspect  that  at  a  deeper  level,  true  "elementary" 
partidee  exist  which  combine  to  make  the  quarka 
and  leptona.  Tht  quarks  and  leptona  wuid  then  be 
expected  to  have  structure,  and  not  to  be  pointlike 
as  they  appear  to  be  at  the  present  level  of  experi- 
mental precision.  Accelerators  of  a  new  generation 
are  therefore  planned  in  many  parts  of  the  world,  in 
order  to  research  Into  theee  and  many  other  open 
questions  on  the  nature  of  mattar,  of  which  only  a 
raw  could  be  touched  upon  here. 

Among  these  new  accelerators  are  HERA  In  Ham- 
burg, LEP  In  Geneva,  as  well  as  other  isrge  prefects 
In  the  U.SA,  U.S.S.R.  and  Japan.  As  a  result  of 
worldwide  coordination  It  has  been  achieved  that 
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each  of  these  large  installations  is  optimized  for  a  HERA  in  this  context,  has  the  particularly  interest- 
particular  kind  of  research,  avoiding  duplication  of  Ing  task  of  becoming  an  electron  microscope  for 
effort  and  cost.  the  quarks. 


hava  p*ay»0  tn  Important  ro<a  in  ma  c/MCtxxi  of  matter  Thay  tranafonrtadlnto  thatcno^fonrwot 
poa*ofa  to  ra-craata  mam  (wtth  tha  axcapfton  c<  ma  t  quarto  w*h  parttda  accalaratora. 
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HERA  -  A  Super-Microscope 

HERA  wfii  open  a  new  dimension  in  the  search  Into 
the  nature  of  matter.  Questions  like 

-  How  c'ementary  are  the  quarks? 

-  Do  they  have  an  inner  structure? 

-  Which  principles  has  nature  used  to  buiid  the 
quarks? 

can  be  investigated  with  HERA. 

The  power  of  HERA  can  best  be  illustrated  by  a 
comparison :  To  the  naked  eye  the  planet  Mars  ap- 
pears as  an  bright  point  In  the  night  sky.  With  the  te- 
lescope It  was  possible  to  oberserve  Its  shape. 

Modem  instruments  reveal  in  increasing  detail 
what  It  looks  like  on  Mars.  If  one  had  an  instrument 
for  planetary  observation  that  is  as  powerful  as 
HERA  will  be  for  the  microcosm,  then  pointing  it  to 
Mars  one  could  detect  objects  of  microscopic  size 
on  Its  surface! 

How  does  a  super-microscope  like  HERA  work?  For 
every  microscope  the  size  of  the  smallest  cbject 


which  can  be  seen  or  "reserved",  is  determined  by 
the  fineness  of  the  probe  which  illuminates  the  ob- 
ject For  a  noma!  microscope  the  probe  is  visible 
light  and  Its  wavelength  of  about  0.000  5  milli- 
metres fixes  the  limit  of  the  resolution.  For  finer 
probes  one  turns  to  X-ray?  or  energetic  electrons 
which  are  used  for  example  In  the  electron  micro- 
scope. With  these  probes  one  can  resolve  details 
up  to  10  000 times  smaller  than  that  visible  by  light 

X-rays  or  electron  beams  are  more  energetic  then 
light,  in  general,  the  higher  the  energy  of  the  probe 
the  finer  the  structure  one  can  resolve. 

In  order  to  study  the  interior  of  protons,  HERA  uses 
electrons  which  are  accelerated  to  a  very  high 
energy  of  30  GeV  (30  billion  electron  volts),  in  this 
way,  one  is  able  to  resolve  structures  down  to 
0.000  000000  0000001  millimetres,  one  ten 
thousandth  of  the  diameter  of  a  proton,  or  one  bil- 
lionth of  the  diameter  of  a  hydrogen  atom.  In  order 
to  fully  exploit  the  energy  of  the  electrons  in  prob- 
ing the  protons,  they  are  met  by  protons  flying  in 
the  opposite  direction,  at  an  energy  of  820  GeV. 

The  protons  are  made  of  three  quarks,  and  these 


From  a  grain  of  sand  to  0m  quarts:  Stop*  In  Mptortng  ttw  structure  ot  our  world. 
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are  the  objects  that  one  really  wants  to  study  at  later  date  other  atomic  nuclei  which  have  different 

HERA.  It  has  not  been  possible  to  produce  single  combinations  of  quarks  may  also  be  studied.  Thus, 

quarks  on  their  own,  but  the  electrons  will  pene-  HERA  Is  a  super-electron  microscope  for  studying 

trate  Into  the  proton  and  expose  the  quarks.  At  a  quarks. 


Th»  high  totrgy  ■ccH«lo«  In  th»  19MT»  and  tWi 
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HERA  -  A  Storage  Ring 


in  HERA,  ttghtty  packad  bunchaa  of  soma  XX)  bu- 
tton •♦•ctrori  md  proa"  na  wM  cross  Mch  other. 
Occaakxwaty  m  atactroi  j  wM  coMda  with  a  proton; 
howSYar,  btctuM  of  tha  ttny  dbnanalona  of  tha 
partJdas  Wo  doaa  not  occur  wjry  oftan.  Tharaflbra 
tha  partfcJa  bunchaa  paaa  ihroupjh  ona  another 
without  any  targe  ciehirbance,  Ueing  a  trtefctie 
pceJbte  to  cottde  the  esi 


number  of  coMotont:Thty  on  guided  round  trine 
by  magnetic  ttelde  and  keep  letumiriQ  to  the  oame 
point  whan  thay  meet  again  and  again.  In  HERA  the 
partfclee  waUckcuHat  50  000tffnaaaaacond.They 
ara  hakJ  in  tn  orbit  in  the  ring,  and  therefore  auch 
an  apparatus  la  cased  a  "storage  ring".  The  ooaV 
alona  of  1ha  eSored  parfotso  art  obaarvad  and 
meaeured.  Antra  few  hourettoatoreosnlnojemijot 
bt  i  wilt  J  with  pMUcMt.  a  pirraat  afaV  h  wal  take 
about  haM  an  hour. 

Already  in  tha  poet,  storage  rings  nana  playad  a 
crucial  rota  in  etudytng  the  afructuraof  mattar.  Tha 
Investigation  of  alactron-poaltron  ooWatona  in  ator* 
aoan^^haspro¥admylrua^(poaaronaaratha 
poeWvely  charged  aralparictaa  of  lha  aiatliuiw) 
PbrR.\atD£SYhiatpraaamthakargcat(2^lo^- 
cunlaranoa)  and  moat  powerful  etocexvvpoeitron 
etorage  ring  in  tha  world.  Tha  owoovoriee  t/t  PETRA 
havamao^aatpjnalcantoontftMtontoourpfaaant 
lavat  of  undaratanJng  tha  aiructura  of  menV.  A 
much  larger  macMna  of  this  type,  UEP  (Large  Bec- 
trorhPoattron  Project).  Is  now  being  bu«atthsF> 
ropaan  naaaarch  Centre,  CSti  At  CERN  thara  is 
alao  a  proton  antfproton  atoraoja  rino*  ^  which  tha 
haavy  boaow  W  and  V  vara  dwxoaarad  in  1963. 

Owing  to  tha  dWeiT4it  mataaa  of  tha  hao  typos  of 
atorad  parttdaa  m  HBIA  (tha  proton  la 2000  femes 
havfar  than  tha  electron),  two  ooperats  rings  ara  ns* 
caaaary  which  dMar  In  cunetructlon.  Tharatota 


bMM  cntt  at  tot* 
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HERA  consists  of  two  storage  rings  in  which  the 
electron  and  proton  bunch**  travel  in  oppoelta  di- 
rections. The  rings  are  mounted  one  above  the 
other  in  a  &3  km  long  underground  tunnel.  They 
cross  at  lour  Interaction  regions  where  trie  electron 
and  proton  bunches  cotHo*.  Large  detectors  to  re- 
gister the  collisions  surround  the  interaction 
points.  A!  these  points  the  tunnel  is  enlarged 
into  underground  r.alls. 

The  most  Irnportant  components  of  the  HERA  stor- 
age rings  are: 

-Trie  magnet  system.  This  consists  of  bending 
magnets  which  guide  the  particles  on  their  orbtt. 
snd  of  focussing  magnets  which  direct  stray  per- 
tides  back  to  the  centre  of  the  vacuum  pipe. 
Each  of  the  rings  ha*  about 1000 electromagnets. 
In  order  to  reach  the  required  magnetic  field 
strength  the  coils  of  the  magnets  for  the  proton 
ring  are  made  of  superconducting  material. 

-  The  vacuum  pipe*  In  which  the  particles  travel 
They  must  be  evacuated  to  ultra-high  vacuum  to 
give  the  particles  a  free  path  with  the  fewest  pos- 
sible  collisions  with  gas  molecules.  The  particle 
bunches  will  be  stored  in  the  rings  for  many  hours 
and  \a  that  time  travel  about  a  hundred  times  the 
distance  from  the  earth  to  the  sun.  Colllsons  with 
gas  molecules  on  this  long  path,  which  throw  the 
particles  from  their  orbit,  must  be  minimized  in  or- 
der  to  keep  this  tees  ss  low  sspossi We.  Therefore 
the  ultrahigh  vacuum  is  essential. 

-  The  high  frequency  accelerating  system.  This  has 
to  accelerate  the  particles  up  to  high  energies 
after  Injection  into  the  storage  ring. 

The  high  frequency  system  must  also  continually 
supply  energy  to  the  stored  electrons  to  compen- 
sate tor  the  losses  due  to  the  so-called  synchro- 
tron light  which  they  radiate  during  th<  bendingin 
the  magnets. 

Owing  to  the  greater  proton  mass  synchrotron 
light  is  no  problem  with  protons. 

-  The  control  system.  This  comprises  a  large  num- 
ber of  electronic  measuring  devices  and  compu- 
ters 

-The  Injection  system  for  pre-ecceleratlng  the 
electrons  and  protons  before  they  can  be  injected 
into  the  HERA  rings. 


All  the  present  DESY  accelerators  with  the  excep- 
tion of  DORIS,  will  be  needed  for  pra-acceieration 
and  Injection.  In  addition,  a  proton  linear  accelera- 
tor must  be  built  and  PE7RA  must  be  modified  to 
serve  as  a  pre-ecceierator  for  electrons  and  pro- 
tons. 

DESVs  smaller  electron-proton  storage  ring, 
DORIS,  will  continue  to  be  used  a  ter  the  comple- 
tion of  HERA  for  special  studies  in  e^ectron-posi- 
tron  physics  and  as  a  synchrotron  radiation  source 
for  atomic,  molecular  and  solid  state  physics  and 
also  for  medical  and  biological  reeearch. 

With  the  running  of  HERA  the  amount  of  electricity 
used  annually  at  DESY  wilt  only  increase  slightly:  A 
yearly  consumption  of  about  ?50  millions  kilowatt 
hours  Is  expected  with  HERA  operating  for  5000 
hours.  For  comparison,  221  minion  kilowatt  hours 
were  usr  J  In  1983. 


A         boring  macftir*  •ouipptd  wNh  •  drMng  thWd 
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Construction  and  Operation  of 
HERA  will  not  Affect  the 
Environment 


The  HERA  tunnel  will  be  10  to  2C  metres  below  the 
earth's  surface  Four-fifths  of  It  are  outside  the 
OESY  site,  mostly  under  state-owned  large  green 
areas  (the  Hamburg  Votkspark).  Three  ot  the  four 
experimental  halls  are  also  outside  DESY. 

Test  bores  have  shown  that  the  tunnel  will  He  In  a 
large  sand  basin  and  half  of  It  will  be  under  the 
water  table.  The  tunnel  will  be  drilled  using  a 
special  borfng  machine  equipped  with  a  driving 
shield,  a  method  extensively  used  in  Hamburg 
which  ctjses  no  problems  In  sand.  The  tunnel's 
route  crosses  partly  under  developed  areas, 
Including  private  homes.  At  a  depth  of  more  than  15 
metres,  however,  damage  to  buildings  can  be 
practically  ruled  out 

The  only  structures  for  which  excavation  will  have 
to  be  done,  are  the  four  mutti-story  underground 
halls,  42  metres  long  and  25  metres  wido  After 
their  completion  only  small  entrance  buildings  will 
be  visible  on  the  surface  and  with  suitable  styling 
and  landscaping  they  will  hardly  be  noticeable.  The 
only  evidence  of  HERA  outside  DESY  will  be  these 
entrance  buildings  and  a  survey  tower. 

The  construction  work  will  start  with  the  excavation 
of  one  of  the  halls.  After  that  the  tunnel  will  be 
bored.  For  tho  construction  the  Hamburg  civil 
engineering  authority  has  taken  the  responsibility. 

Does  HERA  produce  dangerous  radiation?  As  long 
as  the  electrons  and  protons  are  travelling  In  the 
beam  pipes  no  radiation  at  all  Is  leaving  the  tunnel. 
Only  those  few  particles  which  happen  to  leave 
their  orbit  and  hit  walls  of  the  vacuum  pipe  can 
produce  penetrating  radiation.  As  the  tunnel  is  be- 
tween 10  and  20  metres  telow  the  earth's  surface 
the  escaping  radiation  is  greatly  reduced  through 
the  shielding  by  the  overlaying  material. 

How  large  is  the  radiation  dose  on  the  surface  due 
to  the  operation  of  HERA?  To  answer  this  question 
the  electrons  and  protons  must  be  considered 
separately. 


The  radiation  from  the  electrons  is  so  effectively 
shielded  by  the  rrateria)  above  the  tunnel  inat  the 
operation  of  the  electron  ring  will  not  Increase  the 
radiation  level  beyond  mat  already  present  from  the 
earth  and  from  josmlc  rays  by  more  than  one  part 
in  a  thousand.  This  assertion  is  based  on  measure- 
ments with  high  energy  electron  beams  at  the 
DESY  synchrotron  and  other  electron  accelerators 
as  well  as  at  the  PETRA  storage  ring,  where  high 
energy  electrons  are  also  stored,  i.e.  where  simitar 
conditions  occur  aa  in  HERA. 

The  radiation  from  the  protons  depends  on  the 
depth  of  the  tunnel  below  the  surface,  but  It  la 
everywhere  lesa  than  3  %  of  the  natural  radiation 
level.  Quantitatively:  the  average  natural  radiation 
level  In  Hamburg  Is  100  mllllrems  per  year  and  a 
maximum  of  3  mllllrems  per  year  can  come  from 
HERA.  In  the  regions  where  the  tunnel  runs  under 
residential  areas  the  radiation  level  at  the  earth's 
surface  Is  less  than  1  mllllrem  per  year,  i.e.  less  thwi 
one  hundreds  of  the  natural  radiation  in  Hamburg. 
This  Information  comes  from  measurements  at  the 
European  Research  Centre,  CERN,  In  Geneva 

The  operation  of  HERA  therefore  will  produce  onty 
very  little  radiation,  negligible  compared  to  the 
natural  radiation  level. 

What  will  happen  In  case  of  a  breakdown  or  an 
emergency?  All  the  stored  particles  will  then  be 
Immediately  lost  The  electrons  hit  the  wall  of  the 
beam  pipe  but  due  to  the  thickness  of  soli  no 
detectable  radiation  can  emerge  to  the  surface.  The 
protons  will  run  Into  a  special  radiation  absorber 
which  is  shielded  so  welt  that  the  radiation  emer- 
ging at  the  surface  is  not  stronger  than  during 
normal  operation.  After  the  loss  of  the  particles 
HERA  Is  empty  and  will  produce  no  more  radiation. 

A  storage  ring  like  HERA  can  therefore  without  any 
risk  be  operated  In  an  Inhabited  area. 
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Research  with  HERA 


HERA  wW  have  four  foteraction  polnte «  which  the 
•toctron-preton  collisions  will  be  registered  and 
prsclsety  msaeured  with  the  help  of  large  detec- 
tor*. At  OESY*s  electroo-poertron  storage  ring 
PE7RA  four  targe  detectors  ere  operating  which 
can  give  an  idea  of  the  size  and  complexity  of  theee 
InitaHationi 

The  conditions  under  which  the  particles  collide 
and  under  which  one  detects  their  collisions  have 
to  be  modified  In  many  weye  whsn  one  wants  to  in- 
veetJgatetr^rxopertJesarKlberjsvkw 
lest  particles.  One  talks  therefore  of  experiments 
which  are  carried  out  using  the  detectors.  These 
detectors  will  be  built  and  operated  by  Internatlonal 
collaborations,  as  successfully  demonstrated  at 
PE7RA.  Scientists  from  many  different  countries 
will  work  together  on  the  design,  construction  and 
running  of  the  experiments. 

At  present  research  groups  from  14  German  uni- 
versities and  research  instrtutss  and  from  32  for- 
eign scientific  Institutions  from  tour  conttosntssre 


working  on  high  energy  experiments  at  the  PETRA 
and  DORIS  storage  rings.  This  International  colla- 
boration will  be  continued  and  probably  expanded 
at  HERA. 

Each  storage  ring  •xperiment  sets  out  to  answer  a 
number  of  scientific  questions.  Many  youno  scien- 
tists take  this  uniqus  opportunity  to  do  their  Ph.D. 
thesis  research  at  the)  very  frontiers  of  their  field; 
about  200  of  them,  from  many  different  countries, 
are  presently  working  on  the  PETRA  and  DORIS  ex- 
periments. 

The  high  energy  physics  toperi  merits  are  a  particu- 
lar good  txampl*  for  an  active  collaboration  be- 
tween university  professors  and  students  for  the 
teaching  through  collaboration  In  research.  Thus 
HERA  will  provide  the  next  generation  of  scientist* 
the  possibility  to  corrtinus  with  the  fascinating  re- 
search into  the  microcosmlc  world.  In  1990,  whsn 
the  experiments  at  HERA  will  begin,  the  rtudents 
who  ©n.^r  the  universities  in  1964  will  >j*t  begin 
their  post  graduets  research! 


A  •phyeoaT  avant  Evktonc*  for  a  quark,  andquark  and 
aruon  in  i  J—tctor  at  tha  atonga  ring  PETRA  at  DESY.  Tha 
atuon  to  th«  *ohm*  that  h<**»  tna  quarks  togathar  In  mattar. 
and  which  haa  baan  mada  Milbto*  at  PETOA  Tha  pWura 
•now*  e»  raconatruclad  trajacturtaa  of  aWa  hadrana 
arf*»  mn  craafd  by  tha  liatfm«Ha*on  Q*  tha  thrat  Wr* 
pmt&m.  Tha  quark,  anttquafk  and  gtuon  In  turn  waracraa- 
tad  from  th*  (kwttfbkt)  ootkion  o<  an  thctron  and  i  poal- 
Iron  In  tha  mtddta  ol  tha  ptotura.  From  txact  mmmtmnt* 

bquark  and  afcjoo  during  tha*      mm  «gr*  path  can  ba 
raoonatructad  Sknflar  ptcturw  *tf  *i*>  t»  producad  by  tha 
datadoraatHERA. 
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HERA  -  Operational  in  1990 


Plana  for  an  election-proton  storage  ring  have  al- 
ready been  discussed  at  OESY  at  the  beginning  of 
the  197CT&.  in  1979  the  main  parameters  for  HERA 
were  ftxed  ins  Joint  study  from  DESY and  ECFA.  the 
European  Committee  tor  Future  Accelerators.  A 
technical  proposal  for  HERA  has  been  worked  out 
on  this  basis  by  a  cotloboration  of  50  physicists 
and  accelerator  specialists  from  many  countries  In 
1981. 

To  assess  the  various  large  projects  for  basic  re- 
search In  the  1980*8,  the  Federal  Minister  for  Re- 
search and  Technology  called  e  special  committee. 
It  reported  in  spring  1981  and  recommended  that  in 
principle,  HERA  should  be  built  In  December  1983 
the  committee  recommended  to  begin  with  the 
construction  of  HERA  In  the  near  future.  With  its  ori- 
ginal recommendation  the  committee  proposed 
that  In  view  of  the  large  Investment  of  654  million 
DM  (at  31st  December  1980  prices)  and  the  use  of 
the  machine  by  physicists  from  all  over  the  world, 
HERA  should  be  built  In  international  collaboration 
with  contributions  from  other  countries 

After  thorough  discussions  and  negotiations,  vari- 
ous laboratories  and  research  organisations  In  Ca- 
nada, France,  Great  Britain,  Holland,  Israel  and  Italy 
have  declared  that  they  are  prepared  to  make  signi- 
ficant contributions  In  form  of  components  to  be 
developed  and  built  by  the  participating  institutes 
in  collaboration  with  industry. 

Such  a  collaborative  building  of  a  large  accelerator 
at  e  national  research  centre  is  without  prece- 
dence. The  willingness  of  the  foreign  partners  to 
participate  In  the  building  of  the  accelerator  once 
more  demonstrates  the  high  expectations  the  phy- 
sics world  has  for  HERA. 


Industry  In  Germany  and  the  other  participating 
vountriee  expect  that  their  involvement  in  high 
technology  work  for  HERA  will  give  them  an  Impor- 
tant boost  to  their  technical  capability.  This  is  parti- 
cularly true  for  the  areas  of  superconductivity, 
cryogenics,  rato  frequency-  and  control  systems 
as  well  as  the  large  diversity  of  electrical  supply 
equipment  Experience  from  the  building  of  PETRA 
has  shown  that  many  firms  In  the  Hamburg  area 
have  the  potential  to  build  important  components. 
It  can  therefore  be  expected  that  the  building  of 
HERA  will  have  e  significant  economical  effect  on 
parts  of  the  Hamburg  Industry. 

DESY  let  jointly  supported  by  the  Federal  Republic 
of  Germany  and  the  State  of  Hamburg.  Building  of 
HERA  therefore  requires  an  approval  by  both  part- 
ners. 

The  Bundestag  and  the  Senate  of  the  City  of  Ham- 
burg approved  first  funds  for  the  HERA  construc- 
tion in  the  1984  DESY-budget  which  will  be  avail- 
able from  the  date  of  final  approval.  A  law  control- 
ling the  use  of  the  land  In  Hamburg-Sahrenfetd,  the 
area  where  DESY  la  located,  In  which  the  HERA 
construction  is  foreseen,  was  voted  by  the  Ham- 
burg State  Parliament,  the  BOrgerechaft,  In  spring 
1982.  This  provides  the  legal  basis  for  the  construc- 
tion of  the  tunnel  and  the  experiment*!  halls. 

Final  approval  of  the  project  is  expected  in  spring 
1984.  The  construction  work  Is  planned  to  start  by 
end  of  May  1984  and  should  be  finished  by  end  of 
1987.  From  middle  1986  onwards  the  storage  ring 
components  will  be  installed;  installation  should  b* 
completed  by  end  of  1989.  Tne  research  at  HERA  is 
then  expected  to  begin  in  1990. 
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Due  to  the  fast  printing  some  misprints  escaped  our  attention  for  which  we  ask 
the  excuse  of  the  reader.  Please  correct  the  following' 

pagt  Sy  paragraph  1,  line  7:  »icrocos«ic    -   para.  3,  1.  5:  «icro-scope    -   para.  6,  1.9:  substructures 

p.  6,  para.  2,  1.  5*  as  a  bright    -  1.  ^:  observe 

p.  10,  picture  top:  Ducts  for  housing   -   caption:  aeasures  5  aetres 


p.  12,  para.      1.  7 

p.  15,  para.      1.  9: 

p.  16,  para.  5,  1.  2 

p.  18,  para.  1,  1.  <• 

-  1.  12.  economic 


Collisions    -  1.  11:  ultra-high    -   para.  9,  1.  1:  electron-positron 
correction 

exaaple  oi_  an  -  1.  J:  students  in  teaching   -   1.  5:  provide  for  the 

study  by_  DESY  -  para.  ^,  1.  }:  precedent    -  para.  5,  1.  *»:  boost  in  their 

-   para.  8,  1.  2:  The  civil  engineering  work 
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The  European  Organization  for  Nuclear 
RescSfCh,  more  commonly  known  as 
CERN  (from  the  Frenchtitle  of  theongi- 
nai  body  Conseil  europeen  pour  la  re- 
cherche nucleaire')  \%  established  at 
Geneva  <n  Switzerland  Its  laboratory 
extends  across  the  Franco-Swiss 
frontier  to  the  north-west  of  the  city  of 
Geneva 

CERN  is  a  European  organization 
with  twelve  Member  States  all  of 
whom  participate  in  a  collaborative 
programme  of  physics  research  within 
a  framework  defined  by  a  special  Con- 
vention 

The  work  of  the  Organization  is  fi- 
nanced entirely  through  contnbutions 
from  the  governments  of  the  Member 
States 


Austria 
Belgium 
Denmark 
Federal  Republic 

of  Germany 
France 
Greece 
Italy 

Netherlands 
Norway 
Sweden 
Switzerland 
United  Kingdom 


Three  other  countnes.  Poland. 
Turkey  and  Yugoslavia,  have  the  sta- 
tus of  observer 

The  prime  function  of  CERN  is  to 
provide  the  physicists  of  Europe  with 
parttcle  physics  research  facilities  of 
world  class  which  could  not  be  ob- 
tained within  the  resources  of  indi- 
vidual countries  This  makes  CERN 
the  onncipal  European  centre  for  fun- 
damental research  into  the  structure 
of  matter 

The  research  at  the  CERN  Labora- 
tory is  largely  undertaken  by  teams  of 
visiting  scientists  who  remain  based 
i\  their  parent  university  or  research 
centre  in  Europe  Over  1500  physi- 
cists depen  J  upon  CERN  for  all  orpart 
of  their  rorearch  material  Visitors 
from  over  600  different  universities 
and  institutes  in  Member  States  and 
elsewhere  have  participated  in  the 
CERN  experimental  programme 


In  general  the  CERN  staff  if  <L  4wn 
from  the  Member  States  but  scien- 
tists of  any  ountry  may  be  invited  to 
spend  a  limited  period  at  CERN  Many 
scientists  from  the  USA  work  at  the 
Laboratory  and  there  is  a  formal  agree- 
ment for  collaboration  wtth  Labora- 
tonesinthe  USSR. 

The  field  of  research  is  variously 
known  as  'particle  physics'  (since  it  is 
the  study  of  the  behaviour  of  the  smal- 
lest particles  of  matter),  subnuclear 
p'./sics'  (since  the  particles  involved 
are  on  a  smaller  st^le  than  the  atomic 
nucleus)  or  hig.i  energy  physics* 
(since  high  energies  are  needed  to  per- 
form the  research)  It  is  'pu'e  research' 
and  is  not  concerned  with  the  develop- 
ment of  nuclear  power  or  weapons 

Research  is  carried  out  with  the  8id 
of  four  large  machines  Three  of  these 
are  particle  accelerators:  a  synchro- 
cyclotron  6f  600  MeV*  (the  SC),  a  pro- 
ton synchrotron  of  28GeV*  (the  PS) 
and  a  proton  synchrotron  of  400  GeV* 
(the  SPS)  The  fourth,  the  Intersecting 
Storage  Rings  (ISR).  is  a  system  for 
producing  collisions  between  tv/o 
stored  beams  of  high  energy  protons 
from  the  PS  Experiments  are  set  up 
around  the  collision  regions  in  the  ISR 
and  in  experimental  halls  which  re- 
ceive high  energy  be3ms  from  the  ac- 
celerators 

Tit*  development  at  CERN  of  new 
techniques  for  controlling  particle 
beams  has  opened  up  new  possibili- 
ties This  is  exploited  in  the  antiproton 
scheme  in  which  intense  beams  of 
antiprotons  are  built  up.  fed  into  the 
ISR  and  the  SPS  and  made  to  collide 
with  protons 

In  parallel  with  the  physics  re 
search,  development  work  goes  on 
continuously  to  improve  the  accelera- 
tors, detection  systems,  computing 
facilities  and  other  auxiliary  installa- 
tions and  the  range  of  equipn  avail- 
able at  CERN  is  among  the  fu.  it  as- 
sembled for  physics  research  at  any 
site  in  the  world 


•I  P»<tici«  •»*<3v  rattled  .n  M«V  {mrfho*  •Hciron 
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The  Research 


The  research  carried  out  at  CERN  is 
known  as  particle  physics'  because  it 
studies  the  properties  of  the  basic 
particles  of  which  all  matter  is  com- 
posed Since  these  studies  require  the 
high  energies  available  from  particle 
accelerators,  the  research  is  also 
known  as  'high  energy  physics'. 

It  is  tho  third  stage  in  the  investiga- 
tion of  the  nature  of  manor  which  has 
taken  place  in  the  course  of  thiv  cen- 
tury In  the  first  stage,  'atomic 
physics',  the  characteristics  of  the 
electron  cloud  which  surrounds  the 
nucleus  of  the  atom  were  studied.  The 
understanding  which  this  brought  ex- 
plains almost  all  of  the  features  of 
matter  as  they  are  encountered  in  our 
daily  life  The  second  stage,  'nuclear 
physics',  went  deeper  into  matter  and 
studied  the  characteristics  of  the 
atomic  nucleus  The  gross  features  of 
these  composite  nuclei  are  now  un- 
derstood and  the  investigation  has 
moved  to  a  third  stage,  'particle  phy- 
sics', which  studies  the  behaviour  of 
the  constituent  particles  of  matter. 

In  the  course  of  this  research,  it  has 
been  found  that  several  hundred  dif- 
ferent particlts  exist,  in  addition  to  the 
more  familiar  particles  which  make  up 
the  atom  Most  of  the  newly  dis- 
covered particles  live  only  a  short  time 
after  they  have  been  created  by  the 
accelerators,  and  break  up  into  other 
particles.  By  studying  them,  scientists 
can  find  out  about  the  microscopic 
properties  of  alt  matter  and  about  the 
basic  laws  of  the  three  forces  which 
govern  this  small-scale  behaviour. 

Particle  physics  has  led  to  gre&t  ad- 
vances in  our  understanding  of  the 
three  basic  forces — the  'electromag- 
netic force',  which  controls  all  etectnc 
and  magnetic  phenomena,  the  strong 
force  ,  which  acts  between  the  parti- 
cles inside  the  nucleus,  and  the  'weak 
force  of  radioactive  decay,  much  less 
powerful  than  the  electromagnetic 
force,  but  which  appears  to  be  related 
to  it  in  a  profound  way.  (A  fourth  force 
in  Nature,  the  'gravitational  force*  is  re- 
latively insignificant  on  the  scale  of 
individual  particles ) 

The  particles  can  be  classified  ac- 
cording to  their  susceptibility  to  the 
forces  Those  which  feet  the  strong 
force  are  called  hadrons.  those  which 
do  not  feet  the  strong  force  are  called 


txptrimantt  at  CffW  art  fraovanttr  c*n+4  ovt  fcy 
<o#aoorat>oo*  of  ttttntists  from  oWtarant  intvtv 
bom  and  from  dtfaram  countnas.  Saen  nara  it  tha 
apfiaratvt  corttrvcttd  in  tha  North  Arts  of  tha  400 
GaVSupar  Proton  Synchrotron  (SP$t  by  tha  Cvrepaan 
MvonCoftaborabon.  Wj  it  a  ta  am  of  mora  than  J  20 
phytktttt  from  Ovar  a  doran  instMvOons  in  tart* 
countrtat—a  tnay  i  tama&onal  organization  in  toad 
Th>s  largo  dttatHna  tyttam  montor*  what  happam 
¥rnanf^armfYmvons$tr»aatarpot 
(P*o<oC€*H}64  4  7Sk 


leptons  Both  hadrons  and  leptons  can 
have  electromagnetic  properties. 

Research  in  recent  years  has  re- 
vealed that  the  large  numbers  of  had* 
rons  contain  smaller  objects  called 
'quarks'  Although  no  quark  has  been 
detected  in  isolation  outside  a  hadron, 
there  are  strong  indications  that 
hadrons  are  built  from  quarks— of 
which  it  seems  that  at  toast  five  types 
exist  The  different  possible  combina- 
tions of  these  quarks  produce  the 
multiplicity  of  hadrons 

CERN  makes  available  to  the  physi- 
cists of  Europe  a  range  of  large  accele- 
rators and  detection  systems  for  parti- 
cle physics  research.  The  expenments 
using  this  equipment,  and  the  ac- 
companying developments  in  theoreti- 
cal understanding  have  made  major 
contributions  to  this  important  field  of 
basic  science. 

To  select  a  few  examples  a  series 
of  experiments  studying  the  particle 
known  as  the  muon,  together  with 
some  refined  theoretical  calculations, 
have  confirmed  the  validity  of  the  theo- 
ry of  electromagnet  ism  with  very  great 
accuracy. 


In  the  study  o<  strong  interac- 
tion, experiments  at  CERN  have  con- 
tnbuted  a  vast  amount  of  detailed  in* 
formation  on  the  behaviour  of  hadrons. 
Many  new  particles  have  been  identif- 
ied and  their  properties  measured  In- 
vestigations in  the  energy  range  co- 
vered uniquely  at  the  Intersecting 
Storage  Rings  have  revealed  new  as* 
pects  of  the  structure  of  the  proton. 

Experiments  with  beams  of  the  type  . 
of  lepton  called  the  neutrino  have  been 
a  very  fruitful  source  of  information  on 
the  weak  force.  A  new  way  in  which 
the  force  can  operate  (the  neutral  cur- 
rent interaction)  was  discovered  at 
CERN.  It  has  many  implications  rang- 
ing from  atomic  physics  to  the  theory 
of  stellar  evolution  It  gives  s*~ong 
support  to  the  theoretical  attempts  to 
find  a  unified  picture  of  the  electro- 
magnetic and  of  the  weak  force. 

Research  at  lower  energies,  particu- 
larly at  the  CERN  synchro -cyclotron,  is 
concerned  mainly  with  investigations 
in  nuclear  physics  An  on-line  so  tope 
separator  at  the  SC  Ik*  provided  a 
wealth  of  knowledge  on  the  properties 
of  highly  unstable  nuclei. 
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History  of  the  Organization 


December  1951 

UNESCO  called  together  an  inter- 
governmental conference  of  European 
states  to  consider  the  creation  of  an 
international  research  institution 
equipped  on  a  scale  beyond  the  indi- 
vidual means  of  the  potential  member 
nations 

February  J  952 

A  second  similar  meeting  held  in 
Geneva  ended  v\'.ih  the  signing  of  a 
Convention  establishing  a  provisional 
organisation,  finally  called  the  Cornell 
europeen  pour  la  rechorche  nucleairo 
(CERN). 

Eleven  governments  signed  the 
Convention  Belgium,  Denmark,  Fede- 
ral Republic  of  Germany,  France, 
Greece,  Italy.  Netherlands.  Norway. 
Sweden.  Switzerland,  Yugoslavia  The 
Unitsl  Kingdom  held  the  status  of  ob- 
server 

May  1952 

The  first  session  of  the  Council  was 
held  m  Pans  The  statutes  of  the  pro- 
visional organization  were  adopted 
and  Professor  Amaldi  was  appointed 
Secretary-General 

October  1952 

At  the  3rd  Council  meeting  the  de- 
cision was  taken  to  establish  the  pro- 
posed laboratory  of  ine  organization  at 
'  *'  <>va 

July  1953 

The  Convention  establishing  the  Eu- 
ropean Organization  for  Nuclear  Re- 
search was  signed  at  the  6th  meeting 
of  tha  Council 

September  IS 54 

The  'provisional'  CERN  was  dis» 
solved  with  the  ratification  of  the  Con- 
vention by  a  sufficient  number  of 
States  to  ensure  75%  of  the  neces- 
sary financial  commitme  nt 

February  1955 

The  1 2th  European  state  ratified  the 
Convention  The  founder  Member  Sta- 
tes were'  Belgium,  Denmark,  Federal 
Republic  of  Germany.  France.  Greece. 
Italy,  Netherlands,  Norway.  Sweden. 
Switzerland,  United  Kingdom.  Yugos- 
lavia 


June  1955 

An  agreement  was  signed  by  the 
Swiss  Government  and  CERN  covering 
the  legal  status  of  CERN  in  Switzer- 
land 

Jury  1959 
Austna  joined 

January  1961 
Spain  joined 

June  1961 

Turkey  was  granteo  observer  sta- 
tus. 

December  1961 

Yugoslavia  ceased  to  be  a  member 
but  retained  the  status  of  observer, 

June  1963 

Poland  was  granted  observer  sta- 
tus 

September  1965 

An  agreement  was  stgneJ  leasing 
to  CERN  an  eraa  of  land  on  neighbour- 
ing terntory  in  France  The  extended 
wte  straddles  the  Franco-Swiss  fron- 
tier. 

December  1965 

Council  approved  the  programme 
for  the  conf truction  of  th».  Intersecting 
Storage  Rings  (ISR)  on  the  new  part  o' 
the  site. 

Jufy  1967 

An  agreement  was  signed  with  the 
USSR  State  Committed  for  tho  Utiliza- 
tion of  Atomic  Energy  concerning  a 
common  programme  of  scientific  and 
technical  research  on  the  76  GeV  ac- 
celerator at  Serpukhov. 

December  1967 

Council  approved  a  senes  of 
amendments  to  the  Convention  to  per- 
mit the  establishment  of  a  second  la- 
boratory with  a  larger  accelerator 

December  1968 

Spain  withdrew  from  the  Organiza- 
tion for  financial  reasons 

January  1971 

All  12  Member  States  having  ra- 
tified the  amendments  to  the  Conven- 
tion agreed  in  December  1967.  the  re- 
vised Convention  ca  me  into  force 


February  197> 

Ten  Member  States  agreed  to  es- 
tablish a  second  laboratory  {Labora- 
tory t|)  adjoining  the  extended  original 
site  (Laboratory  I)  m  France  and  Swit- 
zerland tor  the  construction  of  a  new 
super  «roton  synchrotron  (the 
400  GeV  SPS).  and  voted  th->  first 
budget  of  the  8-year  programme.  The 
States  were  Austna,  Belgium,  France, 
Germany.  Italy.  Netherlands,  Norway. 
Sweden  Switzerland,  United  King- 
dom 

June  1972 

Signature  of  the  agreement  be- 
tween France  and  CERN  revising  the 
1965  agreement  concerning  the  legal 
status  of  the  Organization  tn  France. 

December  1972 

The  lease  agreement  for  the  new 
land  in  France  was  signed  and  the 
1965  lease  agreement  amended 

December  1974 

The  contrat  de  superficie'  with  the 
Swiss  authorities  was  signed 

July  1975 

A  protocol  was  signed  extending 
the  L967  agreement  for  col'aboratton 
between  CERN  and  the  high  energy 
physics  centres  in  the  USSR,  so  that 
Soviet  teams  can  participate  in  ex- 
periments at  CERN. 

January  1976 

The  two  CERN  laboratories  were 
united  Management  of  the  unified  la- 
boratory was  entrusted  to  an  Execu- 
tive Director-General  and  a  Research 
Director-General  appointed  by  Council 

1979 

Official  Celebrations  of  25th  An- 
niversary ofCERN, 
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The  Convention 


The  ongtnal  Convention  establishing 
CERN  entered  into  force  on  29  Sep- 
tember 19 54.  Twelve  European  States 
ratified  the  Convention  between  30 
December  1953  and  24  February 
19SS. 

Council  agreed  amendments  to  this 
Convention  in  December  1967  to 
permit  the  establishment  of  a  second 
laboratory.  The  amended  Convention 
came  into  force  on  17  January  1971. 
thirty  days  after  the  1 2th  Member 
State  had  informed  the  Organization 
that  ratification  had  been  completed 
The  Convention  *ets  out  the  aims  of 
the  Organization  and  defines  the  pro- 
grammes of  activities: 
(a!  operation  of  the  28GeV  proton 

synchrotron  (PS)  and  the  600 MeV 

synchro-cyclotron  ISC), 

(b)  the  construction  and  operation  of 
the  Intersecting  Storage  Rings 
<ISR)  coupled  to  the  PS; 

(c)  tha  construction  and  operation  of 
a  proton  synchrotron  for  energies 
of  about  300  GeV  (now  the  400 
GeVSPS). 

The  Convention  (Article  ID  de- 
scribes the  aims  of  CERN  as  follows: 


The  Organization  shad  provide  for  col- 
laboration among  European  States  in 
nuclear  research  of  a  pure  scientific 
and  fundamental  character,  and  in  re- 
search essentially  related  thereto.  The 
Organization  shall  have  no  concern 
with  work  for  military  requirements 
and  the  results  of  its  experimental  and 
theoretical  work  shall  be  published  or 
otherwise  made  generally  available 

Member  States  have  equal  voting 
rights  and,  in  general  terms,  decisions 
are  taken  by  simple  majority.  Twt 
thirds  majorities  are.  however,  re- 
quired for  certain  manors,  for 
example,  the  annual  budgets,  the  ap- 
pointment of  the  Directors-General, 
collaboration  agreements  with  other 
organizations  and  the  establishment 
of  the  scale  of  financial  contributions. 
This  last  would  largely  be  formal,  as  it 
is  based  on  the  net  national  revenues 
of  Member  States,  were  it  not  that 
Council  may  make  special  conces- 
sions to  individual  Members  ff  the 
long  term  commitments  of  a  State  are 
also  involved,  such  as  the  financial 
ceiling  of  a  ghr—  programme,  there 
must  be  no  dissenting  participant. 


Where  the  long-term  relationship  with 
the  Organ  zation  is  in  question  this  can 
only  take  place  if  no  Member  Stan 
votes  to  the  contrary. 

The  Convention  is  essentially  a  lib- 
eral document  designed  to  encourage 
collaboration  on  a  wide  basis  end  to 
grve  flexibility  in  the  organization  of  the 
research  so  that  it  can  meet  the  evolv- 
ing challenge  of  the  subject.  As  CERN 
has  developed,  so  the  collaboration 
between  the  Laboratory  and  the  re- 
search centres  and  Universities  inside 
Europe  has  been  strengthened.  At  the 
same  time  the  collaboration  with  la- 
boratories in  the  same  field  outside 
Europe  has  increased  to  the  point 
where  communication  is  at  a  truly  glo- 
bal level. 


TM  tl*ft  of  lAc  twf*  M*nbf  Stttu  tod  Of  "* 
Canton  otGttw*  nuor  th*  mob  ontranco  to  tho  £*- 
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Council  and  its  Committees 


At  t*»  C£*V  CmmcM  * 


Council 

The  Council  is  the  supreme  body 
governing  the  affairs  of  CERN.  ft  is 
made  tp  of  two  delegates  from  each 
Membtr  State,  who  may  be  accom- 
panied by  advisers.  The  Council 
Members  and  their  advisers,  together 
with  the  members  of  the  Council 
Committees,  form  the  links  with  the 
authorities  in  the  Member  States. 

It  is  for  the  Council  to  agree  upon 
the  broad  lines  of  research  policy  and 
match  these  with  adequate  resources 
in  money  and  manpower.  It  Ss  charged 
by  the  Convention  with  adopting  the 
budget.  reviewing  expenditure, 
publishing  the  audited  accounts  of  the 
Orgamiation  and  .»suing  en  Annual 
Report  The  Council  must  also  approve 
the  Staff  Rules,  the  Financial  Rules  and 
the  Rules  of  the  Pension  Fund,  which 
provide  the  main  framework  of  ad- 
ministrative policy 

Head  ng  the  Council  is  the  President 
who  is  elected  along  with  two  Vice- 
Presidents  for  one  year  but  may  serve 
for  a  maximum  of  three  consecutive 
years 

The  Council  meets  as  often  as  is 
necessary  but  at  least  twice  per  year, 
in  June  and  December.  At  both  meet- 
ings progress  reports  are  presented 
by  the  Director-General  arid  at  the 
December  meeting  tne  budget  is  fixed 
for  the  following  year  These  meeting* 
are  in  general,  taken  in  ooen  session 
but  some  discussions  may  be  held  in 
private  Council  documents  are  pre- 
pared m  English  and  in  French  with  a 
summary  in  German 

The  voting  require  merits  for  impor- 
tant decisions  are  laid  down  in  the 
Convention  Delegates  from  the  Mem- 
ber  States  are  of  equal  standing  and 
have  the  same  nghts  The  relationship 
with  the  administration  of  the  Labora- 
tory is  based  on  mutual  trust  and  con- 
fidence and  many  delegates  have  been 
representing  their  country  <y  the 
Council  for  many  years  There  is  a 
longstanding  tradition  that  difficult 
issues  are  settled  by  seeking  a 
consensus  of  opinion  which  all  dele- 
gates can  then  support. 

The  presidents  of  Council  since  the 
creation  of  CERN  have  been  as 
follows 


1954-1957  SirbenLockspeiaertUK) 
1958-1950  Mr.  Francois de Rose (F) 
1961*1963  Mr.J,VVHI#ms(6, 
1964-1966  Mf.JH.BennleflNU 
1967-1969  Dr.G.Funka(S) 
1970-1971  Prof  £.Amatdi<l) 
1972-1974  Prof.  W.  Centner (D) 
1975-1977  Mr.P.Levaux(B) 
1978-         Prof.  J  Teniae  (F) 
On  1977.  the  Piesident-elcet,  Prof  B. 
Gregory  (F),  died  before  taking  office ) 

Apart  from  the  Committee  of  Coun- 
cil there  are  two  permanent  commit* 
tees  which  give  specialist  advice  to 
the  Council :  tt.e  Scientific  Policy  Com- 
mittee and  the  Finance  Committee. 

Committee  of  Council 

The  Committt*  of  Council  consists 
of  one  representative  per  State  to- 
gether with  the  Chairmen  of  the  Scien- 
tific Policy  Committee,  the  Finance 
Committee  and  the  European  Commit- 
tee for  Future  Accelerators. 

The  Committee  of  Council  meets  In 
pnvate  at  more  frequent  intervals  than 
the  Council  and  makes  the  nouessary 
preparations  for  the  full  Council  meet- 
ings. It  is  an  informal  forum  where 
Member  States  can  present  their 
viewpoints  and  delegates  can  freely 
discuss  any  matter. 

Scientific  Policy 
Committee 

The  Scientific  Policy  Committee 
(SPC)  is  made  up  of  eminent  scien- 
tists, chosen  in  their  own  nght  rather 
than  as  representatives  of  a  »pecific 


State.  Its  prime  activity  Is  to  provide 
Coundl  with  the  best  possible  advice 
on  scientific  developments  and  their 
implications  fcrths  Organization, 

rx-offtck>  members  of  the  SPC  ere 
the  Chairmen  of  the  Experiments  Com- 
mittees and  the  European  Committee 
for  Future  Accelerators,  while  th* 
President  of  Council  and  Chairman  of 
the  Finance  Committer  also  partici- 
pate. 


Finance  Committee 

The  Finance  Committee,  which  in- 
cludes delegates  from  all  the  Member 
States,  receives  the  CERN  budgets 
and  reports  on  them  to  Council,  whilst 
at  the  same  ttma  it  decides  on  the  form 
in  which  CERN's  accounts  should  be 
rendered  tn  day-to-day  affairs  it  must 
be  notified  of  any  significant  transfer 
of  funds  within  the  budgets  and  given 
pnor  notice  of  any  operations  which 
would  involve  overs pe ndi ng  th em. 

The  Finance  Committee  is  given 
advance  warning  of  CERN's  require- 
ments for  important  equipment  or 
services  and  its  approval  is  required 
for  important  contracts 


Experiments 
Committees 


Three  committees,  chaired  by 
scientists  from  outside  CERN.  study 
the  proposals  made  by  physicists  in 
the  Member  States  for  expenments  to 
be  carried  out  on  the  CERN  machines 
Their  recommendations  are  then  sub- 
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mined  to  the  Researcn  Boerd  of  CERN 
which  is  chaired  by  the  Director* 
General  and  includes  the  Chairmen  of 
the  Experiments  Committees,  mem* 
bars  of  the  Directorate  and  appropriate 
CERN  Division  Leaders  This  Board  es- 
tablishes tha  programme  of  experi- 
mental particle  physics  research  at 
CERN 

ECFA  and  !CFA 

The  European  Committee  for  Future 
Accel*  ators  (ECFA)  was  set  up  in 
January  1963.  jointly  by  the  Director- 
General  and  the  Chairman  of  the 
Scientific  Policy  Committee  following 
the  recommendation  of  the  Council  of 
tha  previous  month  ECFA  is  an  in- 
dependent body,  composed  of  Euro- 
pean high  energy  physicists,  which 
advises  the  Director-General  and  the 
Scientific  Policy  Committee 

ECFA  produced  two  important  re- 
ports in  1963  and  1967  which  were 
submitted  to  tha  CERN  Council  They 
recommended  the  building  of  the  ISR 
and  a  300  GeV  accelerator  (now  the 
400  GeV  SPS)  In  1977  ECFA  recom- 
mended the  construction  of  a  large 
electron  positron  colliding  beam  ma- 
chine lEP.  as  the  next  major  accelera- 
tor project  for  Europe. 

In  1976  an  Interregional  Committee 
for  Future  Accelerators  (ICFA)  was  set 
up  by  the  Commission  for  Particles 
and  Fields  of  tha  International  Union 
for  Pure  and  Applied  Physics  to  study 
targe  scale  collaborations  between 
the  various  regions  of  the  world  en- 
gaged in  high  energy  physics  re- 
search 


The  onginal  laboratory  site  at  Meynn. 
Switzerland,  was  selected  in  1952.  Its 
entrance  is  situated  some  8  km  from 
the  centre  of  Geneva  on  the  route  de 
Meynn  which  joins  the  N84  through 
Saint-Gents  in  France 

The  site  was  extended  in  1965 
(known  was  Laboratory  I  from  1971  to 
1975)  and  covers  an  area  of  approxi- 
mately 80  ha.  of  which  40  5  ha  are  in 
the  Swiss  Canton  of  Geneva  and  39  5 
ha  in  the  French  Communes  of 
Prevessm  and  Samt-Genis-Pouilly  in 
the  Department  of  Ain 


r>»Ttfi  ttm  <*r       l«c  (*nwi  Tht  untifffund 


The  adjoining  land  under  which  the 
400  GeV  accelerator  (SPS)  has  been 
built  (known  as  Laboratory  II  during 
the  first  years  of  the  project)  covers 
480  ha.  of  which  4 1 2  ha  are  in  France 
and  68  ha  in  Switzeiland  In  addition  a 
further  57?  h?  (509  ha  in  France)  are 
reserved  for  possible  future  develop- 
ments With  the  machine  and  most  of 
the  experimental  beamlines  below 
ground,  disturbance  of  the  surround- 
ing environment  has  **cen  minimized 
and  the  site  has  retained  its  pleasant 
rural  appearance 
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Responsibility  for  the  activities  of  iht 
Organization  is  vested  by  Council  in  a 
Direc tor-General.  In  1971.  a  second 
Dtrecior-General  was  nominated  to 
head  the  300  GeV  Programme  (La- 
boratory II)  in  addition  to  tha  Director- 
General  of  the  then  existing  latoratory 
(Laboratory  I)  From  the  merging  of  the 
Laboratories  in  1976  until  1980  CERN 
was  hjaded  by  an  Executive  Director- 
General  and  a  Research  Director- 
General 

From  i's  very  beginning  CERN  has 
been  led  by  scientists : 

F  Bloch(CH)  1954-55. 

C  J  Bakker(NL)  1955-60. 

J  8  Adams  (08)1960-61. 

V  F  vVeissxopf  (USA!  1961-65. 

B  P.  Gregory  (F)  1966-70. 

W.K  JentschketARab  11971-75. 

J  8  Adams  (G8)  Lab  II  1971-75  and 

Executive  DG  1976-80. 

L  Van  Hove  (8)  Research  D  G 

1976-80. 

H  Schopper  (0)1981- 

The  staff  is  almost  completely  com- 
posed of  nationals  from  the  Member 
States  where  all  but  the  most  junior 
posts  are  advertised  through  tha 
press  and  by  notifications  vo  govern- 
ment departments  and  research  cen- 
tres All  stcff  ts  on  a  common  grading 
systen,  and  each  post  has  a  grade  as- 
sociated with  it  The  grading  runs  from 
1  to  14  end  although  there  is  no  stnct 
allocation  of  posts  in  proportion  to  a 
country's  contribution,  above  grade  8 
the  distribution  by  country  corres- 
ponds roughly  to  country  population 
The  lower  graded  posts  are  recruited 
from  the  local  region,  the  mejonty  from 
t  he  Pay?  de  Gex  in  France 

Pie  total  number  of  people  for 
whom  the  Organization  was  respon- 
sible in  1981  ^excluding  contracted  la- 
bou  anr<  contractors'  employees)  is 
abojt  6000  About  3600  are  staff 
members  working  at  CERN  under  con- 
tract the  remainder  bemr;  visitors 
These  include  fellows  and  paid  as- 
sociates invited  by  CERN  to  spend 
some  time  with  the  Organization  to- 
gether with  a  substantial  number  of 
unpaid  associates  who  remain  on  the 
payroll  of  another  Laboratory  white 
working  at  CERN 


Each  Member  State  pays  a  fixed  con- 
tribution to  the  capital  and  operating 
costs  of  tha  CERN  programme  accord* 
ing  to  a  scale  established  every  three 
years  on  the  basis  of  the  net  national 
income  figures  for  the  previous  thre* 
years  supplied  by  the  United  Nations 
However,  no  single  State  can  be  re- 
quired to  pay  a  contribution  in  excess 
of  25% of  the  programme. 

The  relevant  percentage  contnbu- 
tions  to  the  budget  were  last  fixed  as 
follows. 


AuSlna  2  53 

Belgium  4  66 

Denmark       ...  249 

France  21 70 

Germany  25  OC 

Greece  036 

Italy  1.2  73 

Netherlands  6 18 

Norway  1 79 

Sweden  4  30 

Switzerland  4 13 

UK.  1413 


Budgets 

The  financial  year  r<  ,»s  from  Janu- 
ary 1  to  December  3  1  and  the  budget 
is  drawn  up  in  Swiss  Francs 

The  Director-Goneral  submits  to  the 
Finance  Committee  the  budget  pro- 
posals which  are  then  transmitted  to 
the  Council  with  the  report  of  the  Com- 
mittee The  budget  procedure  1$  nor- 
mally based  upon  a  four-year  rolling 
system  known  as  the  8anmer  Pro- 
cedure In  December  of  each  year,  the 
Council  votes  the  budgets  for  the  fol- 
lowing year  and  makes  firm  estimates 
(at  current  prices)  of  the  budgets  for 
the  year  after:  at  the  same  time  it  gives 


man**  Ok+a*  Gwrtt  Van  N+f  (*fK)  c«m« 
1*  **»  *v»*  Th+r  AamW  +*r  ft  Hwwtf  ScK**m 
fMMWt 

(firm*  CfA*  SO*  1 2*01 


a  provisional  estimate  of  the  sums 
that  can  b ,  expected  In  tha  following 
two  years. 

Some  significant  figures  (in  units  of 
million  Swiss  Francs)  ■ 

1981  8udget  610 
Cost  of  2  8  GeV  PS  ( 59  prices)      1 20 

Cost  of  ISR  ('65  prices)  326 

SPSprogramme('70prices)  1089 


Contracts  and  Services 

On  average  about  50%  of  the  funds 
of  CERN  are  spent  on  salaries  Tha  re- 
mainder is  spent  on  the  purchase  of 
enuipment  and  the  payment  for  suppl- 
ies and  services. 

The  acquisition  of  important  items 
of  equipment  and  the  provision  of  ma- 
jor services  is  normally  the  result  of 
competitive  tendering  Whenever  pos- 
sible, invitations  10  bid  are  addressed 
only  10  companies  established  in  the 
Member  States  The  contract  is  nor- 
mally awarded  10  the  lowest  bijder 
who  can  fulfil  the  necessary  technical 
requirements  rnd  delivery  time.  It  is 
the  respors<b)liiy  of  the  Finance  Com- 
mittee to  sra  that  the&e  conditions  are 
met  in  placing  the  contract 

Pnor  agreement  is  needed  from  the 
Finance  Committee  for  all  contracts 
with  a  value  of  more  than  750  000 
Swiss  Francs  and  for  any  contract  in 
excess  of  200  000  Swiss  Francs 
where  it  is  proposed  to  go  direct  10  a 
supplier  without  calling  for  bids 

CERN  is  not  required  to  pay  cus- 
toms duty  on  the  equipment  and  ma- 
terial it  buys  and  local  taxes  which 
have  been  added  are  reimbursed  by 
the  host  countries 
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High  Energy  Machines 


At  CERN.  a  complex  of  particle  accele- 
rator* provides  the  high  energy  par- 
ticles for  research 

The  principal  parameter  of  an  ac- 
celerator  is  the  maximum  energy  to 
which  it  can  accelerate  the  particle 
beams.  This  energy  is  expressed  in 
units  of  electronvotts.  aV  (the  energy 
given  to  a  particle  carrying  unit  charge 
when  it  crosses  a  potential  difference 
of  one  volt).  The  CERN  machines  in- 
clude a  synchro-cyclotron  (SO  of  ener- 
gy 600  MeV  (million  electron  volts)  and 
a  proton  synchrotron  (PS)  of  energy  28 
GeV  (thousand  million  electronvolts) 
A  super  proton  synchrotron  (SPS)  of 
4 00 GeV  was  commissioned  in  1976 

Other  parameters  of  significance 
are  (he  intensity  of  the  pulses  of  pro- 
tons produced  and  the  rate  at  which 
the  machine  can  be  pulsed  For  the  ex- 
penmenter.  the  energy  spread  of  the 
beam,  the  ejection  efficiency  and  the 
length  of  lime  the  beam  can  be  held  in 
the  machine  whilst  a  fraction  is  con- 
tinuously extracted  are  also  important 
factors 

The  PS  feeds  Inte.secting  Storage 
Rings  (iSR)  which  are  not  primarily  ac- 
celerators but  a  pair  of  interlaced 
annular  chambers  in  which  particles, 
previously  accelerated  in  the  PS.  are 
stored,  circulating  continuously  round 
the  nngs  in  opposite  directions.  The 
two  beam  currents  collide  almost 
head-on  at  eight  intersection  points 
distributed  symmetrically  round  the 
circumference. 

In  the  antiproton  scheme,  antipro- 
tors  are  stored  in  the  Antiproton  Ac- 
cumulator (AA).  and  fed  to  the  PS  for 
initial  acceleration  before  being 
passed  to  the  SPS  for  final  accelera- 
tion to  270  GeV  In  the  SPS.  proton  and 
antiproton  beams  are  accelerated  in 
opposite  directions  and  made  to  col- 
lide together  at  two  points  in  the  nng 
Protons  and  antiprotons  also  collide  in 
the  ISR 

For  the  future  construction  is  en- 
visaged of  a  large  (27  km  circumfer- 
ence) electron-positron  colliding  beam 
machine,  LEP 


Synchro-Cyclotron  (SC) 

The  600  MeV  synchro-cyclotron, 
the  SC  was  first  commissioned  in 


August  1957  It  provided  accelerated 
protons  for  a  full  programme  of  nuclear 
phys'"*  experiments  from  then  until 
Juna  i  973  when  h  was  shut  down  for 
a  seHes  of  major  modifications  aimed 
at  increasing  its  output  by  an  ordor  of 
magnitude 

When  the  SC  restarted  in  January 
1975  little  remained  of  the  old  ma- 
chine except  for  the  main  magnet  (and 
ti.e  building), 

Further  mot  ncattons  have  enabled 
the  machine  to  accelerate  heavier  ions 
such  as  helium -3  and  carbon-12  to 
energies  of  9l0  and  1030  MeV  res- 
pectively 

In  the  SC.  particles  are  injected  into 
the  middle  of  a  vacuum  chamber  set 
between  tha  i»-m  poles  of  e  2500  ton. 
fixed  field  electromagnet  Grouped  Into 
bunches,  the  particles  travel  in  a  cir- 
cular path  crossing  and  recrosslng.  on 
every  tu.n.  the  gap  formed  between 
two  electrodes  in  which  an  oscillating 
electric  field  is  established.  The  fre- 
quency of  this  field  is  synchronized  to 
the  orbiting  frequency,  so  that  the  par- 
ticles receive  an  increase  in  energy  of 
about  20  keV  per  turn.  As  they  gain 
energy,  the  radius  of  the  orbit  increa- 
ses and  the  particles  spiral  out  to  the 
periphery  where  they  can  be  extracted 
as  a  bunch,  putled  out  progressively 
over  many  revolutions  or  made  to 
stnke  an  internal  target. 

The  electnc  field  is  created  between 


an  earthed  stnp  and  a  hollow  Oee 
which  forms  part  of  a  radio-frequency 
(r.f.)  resonant  line.  For  MOtons  the  ac- 
celerating frequency  riust  be  capable 
of  changing  in  each  evele  from  30  MHz 
to  16  6  MHz  as  thf  effoctrve  mass  of 
the  protons  increaje*  with  increasing 
energy.  In  the  mcdifed  SC  this  fre- 
quency change  is  produced  by  a  tuning 
capacitor,  a  3-bank,  1 6- tooth  rotary 
condenser  capable  of  running  at  up  to 
450  Hz.  determining  the  repetition  rate 
of  the  acceleration  cycle 

Modifications  have  included  a 
completely  new  ion  source  and  power 
supply,  as  weH  as  new  radiation 
cooled  targets  and  a  system  of  ejec- 
tion which  «<ves  a  duty  cycle  far  super- 
ior to  what  has  been  possible  before. 
The  machine  can  now  ccceterate  a 
maximum  internal  proton  current  of 
about  7  fiA  mean  intensity  and  the  ex- 
traction efficiency  is  about  70%.  To 
handle  heavier  Ions,  the  accelerating 
frequency  must  be  lowered  This  is 
done  by  fitting  an  extension  line 
between  the  Oee  and  the  rotary  con- 
denser. 

The  SC  has  three  expenmental 
areas— one  room  fed  with  pion  or 
muon  beams  derived  from  internal  tar- 
gets: a  second  room,  on  the  other  side 
of  the  accelerator  which  receives 
beams  of  either  ptons  and  muons  from 
an  external  target  or  the  extracted 
beam  of  accelerated  ~os,  and  an  un- 
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derground  araa  served  by  the  extract- 
ed beam,  where  a  special  shortlived 
isotope  production  and  erarysis  unit 
named  ISOLDE »*  installed 


Proton  Synchrotron  (PS) 

The  28  GeV  proton  synchrotron  was 
commissioned  w>  1959  when  H  be- 
came the  first  machine  in  the  world  to 
accelern*  intense  proton  beams  to 
energ^s  in  tfcl  sange.  It  was  also  the 
first  proton  machine  to  be  completed 
using  the  'alternating-gradient  or 
strong  focusing'  principle.  It  Is.  and 
will  remain  for  many  years,  the  mam 
source  of  accelerated  protons  for  par- 
ticle physics  research  m  West  Europe 
For  protons,  the  present  mam  tasks  of 
the  PS  are  to  supply  accelerated  parti- 
cles to  the  400  GeV  SPS.  to  the  ISP 
colliding  beam  machine,  to  provide 
particle  beams  for  experiments  in  the 
20  GeV  range,  and  to  supply  a  proton 
beam  to  produce  the  antiprotons  used 
in  the  Antiproton  Accumulator  (AA) 
This  requires  t  wxJe  variety  of  proton 
beams  in  addition,  the  PS  also  accete- 
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rates  antiprotons  for  the  SPS  and  the 
ISR  (see  page  10). 

More  ttvn  10u  protons  In  20  but.- 
ches  are  accelerated  around  a  circular 
path  200  metres  in  diameter  once  ev- 
ery few  seconds,  the  Intensity  and  cy* 
cie  time  depending  on  the  use  to  which 
tha  machine  Is  being  put.  The  protons 
are  obtained  from  hydrogen  gas.  taken 
to  750  keV  by  an  electrostatic  genera- 
tor and  then  fed  into  a  linear  accelera- 
tor (Lined  which  takes  them  to  50 
MeV.  At  th!s  energy  the  proton  beam 
enters  the  Booster,  a  synchrotron 
comprising  four  50  m  diameter  super- 
posed nngs.  which  accelerates  the 
protons  to  800  MeV  before  infection 
into  the  main  ring  of  the  PS  The  four 
Booster  rings  are  filled  in  turn  from  the 
Imac  (the  variation  of  intensity  is  ob- 
tained b>  .arymg  the  number  of  turns 
injected),  then  the  beam  energy  is 
raised  by  radio-fiequency  (r.f.)  cavities 
of  very  compact  design,  with  guidance 
and  focusing  around  the  machine 
being  assured  by  32  four-channel 
bending  and  48  four-channel  quad- 
rupole  magnets.  The  four  rings  are 
then  emptied  in  turn  into  the  PS 


In  the  main  ring  of  the  PS  the  pro- 
tons era  accelerated  by  1 1  r.f.  cavities 
with  e  frequency  range  of  about  3  to  1 0 
MHz.  ena  they  travel  Li  an  annular  va- 
cuum vessel  of  elliptical  cross-section 
(14.5  x  7  cm)  held  at  a  pressure  of 
obovt  2x10"*  ton.  The  protons  ere 
maintained  In  orbit  in  the  nng  by  e 
magnetic  field  rising  to  1.4  T  end  pro- 
duced by  100  magnets,  each  jO  tons 
in  weight.  The  proton  velocity  reaches 
about  99.94%  of  the  speed  of  light  in 
about  half  a  milUon  orbits,  and  at  maxi- 
mum energy  the  proton  riass  be- 
comes about  30  times  greater  than  its 
rest  mass. 

The  PS  works  a  flexible  schedule, 
often  operating  continuously  for  32 
days  followed  by  3  o>ys  for  mainten- 
ance and  modifications.  During  one 
supercyda  of  about  10  seconds,  the 
required  types  of  particle  beam  can  be 
supplied,  each  at  the  required  level  of 
intensity  and  with  the  proper  beam 
d;eract eristics.  The  main  task  of  the 
PS  is  to  set  as  the  Injector  for  the  SPS. 
which  has  1 1  times  the  circumference 
of  the  PS.  providing  protons  at  an  ener- 
gy of  10  GeV.  For  this  purpose  the 
beam  is  bunchsd  *  200  MHz  (the  r.« 
frequency  of  the  SkS).  then  a  method 
of  continuous  transfer  is  used  in 
which  rrotons  iro  peeled  off  from  the 
beam  circulating  in  the  PS  during  10. 5 
or  3  turns  depending  whether  the  pro- 
cess Is  repeated  once  or  more  times 
during  a  supercyde  (muttibatch  filling). 
The  PS  also  has  to  fill  the  two  rings  of 
the  ISR  with  protons  of  the  required 
energy  and  supply  protons  for  anti- 
proton  production.  There  is  also  e 
programme  of  physics  research  direct- 
ly with  PS  protons. 

For  this  latter  purpose  the  protons 
can  either  be  ejected  from  the  ring,  us- 
ing one  of  the  two  available  ejection 
systems,  or  directed  to  e  target 
mounted  inside  the  vacuum  chamber 
itself  The  ejected  proton  end  second- 
ary particle  beams  (beams  of  different 
types  of  particle  produced  in  the  high 
energy  collisions  which  toki  piece  in 
targets)  are  sorted  and  guided  by 
electrostatic  and  magnetic  fields  as 
they  are  directed  towards  detection 
equipment  m  the  experimental  areas.  It 
is.  for  instance,  possible  to  have  a 
number  of  bunches  extracted  rapidly 
and  a  certain  fraction  of  the  beam  at  in- 
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termediete  energies  l*d  to  »n  internal 
target  during  the  acceleration  phase 
Once  < op  energy  has  been  attained, 
beam  is  debunched  before  slow  ex* 
tr  action 


Intersecting  Storage  Rings  (ISA) 

The  ISR  consist  of  two  interlaced 
of  magnets  (similsr  to  those  in 
the  PS).  300  metres  in  diameter.  The* 
se  magnets  guide  end  focus  the  pro- 
tons through  vacuum  tubes  which  In- 
tersect at  eight  positions  round  the 
circumference  Proton  besms.  accele- 
rated in  the  synchrotron  to  energies  up 
to  26  GeV.  sre  injected  into  the  two 
rings  tn  suet}  a  way  that  they  travel  in 
opposite  dirvMtors  rotative  vo  each 
other  The  beams  can  be  further  ac« 
celerated  up  to  31.4  GeV  and  brought 
into  :  head-on  collision  in  the  in- 
tersecv.,tg  regions.  Big  experimental 
halts  have  been  constructed  over  two 
of  these  regions  and  five  others  sre 
also  at  an  able  for  experiments. 

Wth  colliding  beams,  almost  the 
wnofe  of  the  kjnetwt  energy  given  to  the 
Protons  can  go  into  the  creation  c*  new 
pertrctes  or  the  transformation  of  the 
Protons  whereas  when  bombarding 
stationary  target*,  most  of  the  energy 
goes  into  the  recoil  of  the  particle*. 
From  this  point  of  view,  the  ISR  sre 
equivalent  to  a  conventions!  accelera- 
tor of  almost  2000  GeV  In  addition  to 
protons,  the  nngs  can  hold  ether  par- 
ticles provided  by  the  Una C- PS  com- 
plex. So  far  proton,  antt^roton  (see 
page  tO).  deuteron  and  alpha  particle 
inter  actions  have  been  observed. 

The  rate  of  int erection  is  propor- 
tional to  the  product  of  the  two  beam 
intensities  and  if  this  is  to  be  of  an  ac- 
ceptable value,  many  putses  from  the 
PS  must  be  stacked  together. 

In  building  the  ISR,  extremely  high 
Precision  has  been  required  in  ell  the 
main  component*  The  magnet  guid- 
ance and  focusing  system  must  be  of 
exccpttonel  stability  and  precision 

The  radio-frequency  (rf,)  system 
has  to  produce  very  stable  eccelerat- 
ing  voltages  and  be  immune  from 
beam  loading  problems.  To  achieve 
maximum  beam  at  ability,  it  must  at 
the  same  time  offer  very  low  imped- 
ance to  the  circulating  beams. 


Crucial  to  the  ultimate  performance 
attainable  la  the  quality  of  the  vacuum. 
In  the  two  kilometres  of  vacuum  tube 
in  which  there  sre  some  10000  de- 
mountable joints,  the  meen  pressure 
is  about  3  x  10~"torr 

The  commissioning  of  the  machine 
waa  several  months  ahead  of  sched- 
ule and  on  27  January  1971  two 
beams  were  made  to  coUkH  for  the 
first  time 

Since  that  time  perforrmncb  has 
been  steedity  Improved  and  currants 
of  over  50  A  have  been  successfully 
stacked  Luminosities  now  achieved 
(over  3  x  10"  cm-'  s"\ando\#r  10" 
using  a  superconducting  km -bete  in- 
sertion st  intersection  region  t8)  are 
many  times  the  design  figure  and  once 
fitted,  the  nngs  can  run  ctntinuousry 
for  over  70  hours  without  excessive 
deterioration  of  the  beam  quality  Ope- 
ration is  now  mostly  at  31  GeV. 

Experiments  ere  clustered  around 
six  of  the  intersection  regions.  The  two 
most  massive  installations  are  in  in- 
tersections 14  and  18  In  the  former  e 
1000  '.on  split  field  magnet  haa  been 
instatted  which  creates  e  field  of  op- 


posite sign  on  the  two  sides  of  the  in- 
tersection point  The  magnet  eperture 
is  filled  with  particle  detectors  called 
muhrwire  proportional  chambers  end 
the  magnet  can  be  surrounded  by  e 
large  number  of  scintillation  counters 
for  simultaneoua  use  by  severe!  ex- 
perimental groups.  The  Axial  Field 
Spectrometer  et  intersection  18  uot  e 
specialty-constructed  300  ton  mav>et 
and  detecting  epparatus  including  e 
200  ton  uranium  calorimeter. 


400 GeV  Super  Proton  Synchrotron 
(SPSJ 

The  400  GeV  proton  synchrotron 
was  commissioned  in  1976  and  then 
became  the  woricTa  largest  accelera- 
tor Photons  ere  injected  et  10  GeV 
from  CCRffa  original  28  GeV  proton 
synchrotron  (PS)  end  are  accelerated 
to  400  GeV  in  the  SPS  before  being 
extracted  for  use  In  physics  experi- 
ments in  the  West  end  North  expert' 
mem*'  cross* 

The  SPS  i*  capable  of  operating  t 
450  GeV  when  required  and  e  recorc 
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500  GeV  wn  attained  in  December 
1978,  The  beam  intensity  *n  Mch 
12-second  puts*  rose  pest  the  design 
figure  of  10  'protom  before  the  end  of 
1976.  and  reached  a  record  of  2.7  x 
10"  in  1980  at  the  end  of  die  first  four 
years  of  operation. 

in  1980-81  the  SPS  stopped  ope- 
ration  during  *0  months  for  conver- 
sion into  •  proton-entiproton  collidef 
(seepage  10).  Trw*  involved  major  civil 
engineering  changes  to  provide  two 
Urge  colltsion  regions  for  experi- 
ments, and  to  allow  for  the  injection 
and  acceleration  of  antiprotons.  The 
counter-routing  buncher  of  protons 
end  entiprotons  are  injected  at  26  GeV 
and  subsequently  accelerated  to  270 
GeV  where  they  are  held  on  colltsion 
orbits  for  24  hours  whilst  the  experi- 
ments in  the  two  collision  areas  take 
data,  fim  proton-antsxoton  collisions 
w^.e  seen  in  Jury  1981.  The  operation 
of  the  SPS  is  divided  between  mis  col- 
lider mode  (about  30% of  the  time)  and 
fixed  target  physic*  in  the  West  and 
North  Areas  (about  70%  of  the  time) 

The  Sr*S  is  built  underground  tn  jn 
annular  tunnel  of  22  km  diametc  and 
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4  m  internal  diameter.  This  tunnel  is  at 
a  depth  varying  from  23  m  to  65  m  de- 
pending on  the  ground  surface  profile. 
The  surface  area  covers  480  ha.  of 
which  approximately  1/7  is  in  Swit- 
zerland and  the  rest  including  the 
main  laboratory  buildings,  assembly 
half,  and  experimental  areas,  are  in 
France.  Only  about  100  ha  are  en- 
closed, the  remainer  of  the  area  con- 
tinuing as  farmland  and  woods  as  be- 
fore. 

Although  nearly  circular,  the  ring 
contains  six  long  straight  sections 
each  with  an  access  pit  and  associat- 
ed surface  buildings  for  auxiliary 
equipment  Four  of  these  pits  are  in 
France  and  tvo  in  Switzerland.  Two  of 
the  long  straight  sections  are  used  as 
proton-entiproton  collision  points,  in 
underground  halls,  which  house  the 
expenmental  equipment  One  straight 
section  is  used  to  house  the  200  MHz 
r.f.  cavities  for  accelerating  the  parti- 
cles, one  for  proton  injection  end  beam 
dumping,  one  is  used  for  extraction  to 
the  North  experimental  area,  and  one 
for  extraction  to  the  West  experimen- 
tal area.  The  letter  is  also  used  for  in- 


jection of  the  antiprotons  in  the  same 
channel  but  in  the  opposite  direction. 

The  particles  are  guided  round  the 
ring  by  744  bending  magnets  each 

6  m  long  and  are  focused  by  2 1 6  qued- 
rupotes  distributed  regularly  round  the 
ring.  The  positioning  of  these  magnets 
is  very  important  and  required  precise 
surveying.  They  are  in  fact  positioned 
to  within  about  0.1  mm.  The  tunnel 
was  dug  by  a  full-face  boring  machine 
which  completed  ft*  7  km-long  cir- 
cumference within  centimetres  of  the 
planned  path. 

The  power  for  the  magnets  is  pro- 
vided by  solid-state  rectifier*  fed  from 
a  aptdal  380  kV  power  line  which 
connects  the  SPS  complex  to  the  EOF 
generating  stttion  at  Genissiat.  The 
average  power  consumption  of  the 
raagnet  b  about  35  MW  with  a  peak 
instantaneous  load  of  160  MW.  Cod- 
ing is  through  a  closed  circuit  water 
system  which  is,  in  turn,  cooled  by  a 
special  auppry  from  Lac  Leman.  After 
refrigeration  In  cooling  towers  this  wa- 
ter passes  into  a  local  stream  end 
subsequently  into  the  Rhone 

The  purpose  of  the  magnets  is  to 
bend  and  focus  the  particles  into  a 
beam  a  few  centimetres  across,  and  to 
keep  ft  well  within  the  walls  of  the 

7  km-long  vacuum  chamber  which 
goes  through  the  middle  of  all  the 
magnets  and  varies  in  cross-section 
from  s  9  cm  diameter  cylinder  to  e  16 
by  5  cm  ellipse.  To  keep  the  beam 
within  this  chamber  requires  dose  tol- 
erances on  the  magnet  fields,  plus  a 
measurement  and  correction  system 
based  on  216  pick-up  electrodes  and 
low  field  correction  magnets. 


Amfproton  Scheme 

In  1978.  experiments  at  CERN 
showed  how  beams  could  be  ♦•ghtly 
controlled  usmg  new  'cooling'  tech- 
niques, thus  enabling  new  types  of 
pertide  beams,  such  as  antiprotons. 
to  be  accelerated  and  stored.  This 
opened  the  door  to  an  ambitious  en- 
largement of  CERN  s  research  facili- 
ties. In  this  new  scheme,  antiprotons 
are  brought  into  head-on  collision  with 
high  energy  protons.  This  provides 
very  high  collision  energies  and 
probes  new  areas  of  physics. 
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Antiprotons  are  produced  by  bom- 
barding a  target  with  proton*  from  the 
PS.  The  low  tnergy  antipenides  are 
fad  into  a  specialty-built  accumulator 
ring  (AA)  where  cooling  it  applied  to 
produce  a  well-defined  beam.  Once  a 
sufficient  level  of  antiprotons  hat 
been  built  up  in  the  accumulator,  they 
are  fed  back  to  the  PS  for  acceleration 
reedy  for  injection  into  the  SPS  or  the 
ISR.  The  PS  alto  supplies  the  ne- 
cessary protons  to  the  SPS  and  the 
ISR.  Protons  and  antiprotons  are  In- 
jected into  the  SPS  at  26  GeV  instead 
of  the  10  GeV  used  for  producing  pro- 
tons for  fixed  target  experiments. 

Once  in  the  SPS.  the  proton  end  an- 
tiproton  beams  circulate  in  opposite 
directions  and  are  secern  ted  to  270 
GeV. finally  being  brought  into  head-on 
collision.  Special  detecting  equipment 
set  up  at  two  places  in  the  ring  moni- 
tors the  results  of  these  interactions. 
The  collision  energy  is  far  in  excess  of 
anything  a  ttainable  with  other  existing 
machines,  being  equivalent  to  that 
produced  by  a  fixed  target  accelerator 
producing  150.000  GeV  protons. 

Antiprotons  can  also  be  decelerated 
in  tha  PS  to  feed  a  Low  Energy  Anti- 
proton  Ring  (LEAR),  catering  for  a  ran- 
ge of  new  low  energy  experiments. 


LEP 

For  several  decaoes  proton  ma- 
chines have  been  the  sources  of  the 
highest  energy  phenomena.  It  is  easier 
to  accelerate  protons  than  electrons 
because  electrons  give  off  energy 
(known  as  synchrotron  radiation)  as 
they  orbit  a  nng  and  the  acceleration 
svstam  has  then  to  replace  this  ener- 
gy, as  well  as  providing  for  further  ac- 
celeration/ in  order  to  increase  the 
energy  of  electrons. 

However  the  realization  that  the  pro- 
ton itself  has  a  structure  also  implies 
that  collisions  between  protons  are 
cc'listons  between  composite  sys- 
tems and  their  effects  can  therefore  be 
complicated  to  analyse  Collisions 
between  electrons  are.  to  the  best  of 
our  present  knowledge,  collisions 
between  "point-like"  objects  with  no 
structure  and  are  less  complicated  to 
analyse.  Moreover,  since  beams  of 
positrons  (the  antimatter  equivalent  of 
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the  electron*),  era  readily  available, 
electrons  and  positron*  can  be  accele- 
rated and  stored  In  the  same  ring  and 
can  annihilate  into  pure  energy  when 
they  collide,  which  also  simplroes  the 
enatysis  of  what  is  happening. 

Dp  to  now.  the  highest  energy  which 
has  been  reached  in  electron-positron 
storage  rings  is  around  20  GeV  per 
beam.  The  LEP  project  aims  to  take 
this  to  50  GeV  in  a  first  phase  with  the 
potential  to  raise  this  above  100  GeV 
later.  This  new  high  energy  range  is  re- 
quired in  order  to  test  definite  theoreti- 
cal predictions  emerging  from  our  pre- 
sent understanding  of  matter.  Also  in 
the  new  energy  range,  phenomena 
traditionary  associated  with  the  ef- 
fects oV  the  weak  force  should  have 
grown  to  be  equally  as  powerful  as 
those  traditionatfy  associated  with  the 
electromagnetic  force.  What  happens 
when  this  occurs  has  never  been  in- 
vestigated before. 

As  proposed,  the  LEP  project  would 
constat  of  a  single  ring  with  a  continu- 
ous vacuum  tube,  a  few  centimetres  in 
diameter  and  about  27  Ulomrtres  In 
circumference,  in  which  electrons  and 
positrons  would  circulate  in  opposite 
directions.  The  tube  would  be  sur- 
rounded by  magnets  to  r*«ect  the  par- 
ticles around  the  ring  and  to  keep  the 
electrons  and  positrons  focused  in 
narrow  beams.  Radio-frequency  ac- 
celerating cavities  would  accelerate 
the  panicles  and  replace  energy  lost 
by  synchrotron  radiation. 

The  ring  would  be  housed  in  a  tun- 
nel of  4  metres  diameter  excavated 
deep  underground  adjacent  to  the  pre- 
sent CERN  site.  Electrons  and  po- 
sitrons would  be  injected  tnto  LEP 
after  preliminary  acceleration  in  the 
existing  synchrotrons.  Thus  the  exist- 
ing machines  and  LEP  would  be  linked 
which  is  one  of  the  reasons  in  favour 
of  building  LEP  at  CERN.  Initially 
enough  equipment  would  be  installed 
to  accelerate  the  particles  to  "50  GeV. 

LEP  would  be  built  in  such  a  way 
that  its  peak  energy  could  be  taken  as 
high  as  130  GeV  rf  appropriate  super- 
conducting acceleration  systems  be- 
come available  Also  the  link  with  the 
existing  proton  synchrotrons  opens 
up  the  possibility  later  of  electron- 
proton  collisions  or  of  the  acceleration 
of  protons  in  the  LEP  tu  nnel 

12 


In  its  bare  essentials  every  experi- 
ment comprises  an  incident  beam  of 
particles,  a  target  (which  can  be  an- 
other beam)  and  a  series  of  detectors 
for  determining  the  electric  charge, 
mass,  energy  and  angular  distribution 
of  incident  and  emergent  part  id  as. 
Magnetic  fields  curve  the  trajectories 
of  charged  particles  according  to  their 
charge,  mass  and  speed,  and  the  an- 
gular distribution  is  given  by  the  coor- 
dinates of  their  tracks.  From  these  da- 
te, the  behaviour  of  the  particles  during 
the  process  can  be  inferred. 

The  particles  are  very  small  (of  the 
order  of  10""  cm)  and  their  lifetimes 
can  be  very  short  (as  tow  as  I0***s).  It 
is  therefore  not  the  particles  them- 
selves that  are  observed  but  the  ef- 
fects they  produce.  The  majority  of 
these  depend  upon  the  ionization  that 
is  caused  by  a  charged  particle  tra- 
versing a  medium,  be  this  solid,  liquid 
or  gas.  Two  main  types  may  be  iden- 
tified— electronic  detectors  and  bub- 
ble chambers.  In  neither  will  a  neutral 
pertide  produce  a  direct  effect 

Electronic  detectors  end  bubble 
chambers  are  increasingly  being  used 


together  in  Ttybnd'  detecting  systems. 
At  CERN.  the  large  BEBC  bubble  cham- 
ber has  been  equipped  with  auxiliary 
electronic  counters  to  provide  addi- 
tional information.  A  major  new  pro- 
ject—the European  Hybrid  Spectro- 
meter— incorporates  both  bubble 
chamber  and  a'ectronic  detection 
equipment.  This  incorporates  a  spe- 
cially-built rapid  cycling  bubble  cham- 
ber, capable  of  taking  photographs  at  a 
rate  of  up  to  2  &  exposures  per  second. 

eectronlc  Detectors 

The  majority  of  experiments  in  the 
CERN  experimental  programme  use 
electronic  detectors  in  which  arrays  of 
counters  are  set  up  around  a  target  on- 
to which  the  beams  are  directed.  The 
beams  may  be  of  protons  or  second- 
ary particles  produced  by  the  interac- 
tion of  the  primary  beam  and  a  target 
further  up  the  line. 
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Theft  are  several  types  of  counter  in 
use  The  scintillation  counter  is  con- 
structed of  a  scintillating  material 
which  records  the  passage  of  a 
charged  particle  as  a  tiny  flash  of  light 
This  is  converted  by  a  photomurtiplkr 
to  an  electronic  signal  which  is  ampli- 
fied and  passed  to  the  data-collection 
system.  The  scintillation  counter 
enables  very  precise  measurements 
of  the  time  of  passage  of  a  charged 
particle  to  be  made  and  its  very  rapid 
response  leads  to  its  use  in  trig- 
genng'  other  slower  detectors. 

In  the  Cherenkov  counter  the  pas- 
sage of  a  charged  particle  at  a  velocity 
higher  than  the  speed  of  tight  in  the 
counter  material  emits  a  shock  wave 
of  light  at  an  angle  which  is  related  to 
the  velocity  of  the  particle.  These 
counters  are  also  used  in  conjunction 
with  photomultiplters  and  have  the 
particular  advantage  that  they  can  be 
arranged  to  pick  out  only  particles  of  a 
certain  velocity  range,  and  thus,  in  con- 
junction with  information  on  the  par- 
ticle momentum,  enable  the  panicle  to 
be  identified 

Chambers  using  gas  discharges 
have  been  developed  m  a  vanety  of 
forms  They  record  the  position  of  a 
charged  panicle  usually  by  detecting 
the  electrical  disturbance  between 
parallel  planes  of  conductors.  Initially 
these  planes  were  of  foil  and  the  par- 
ticle location  could  be  seen  and  pho- 
tographed as  a  spark 

In  modern  chambers  the  conduc- 
tors consist  of  fine  stretched  wires, 
the  direction  of  which  changes  from 
plane  to  plane  so  that  a  coordinate 
system  of  spaik  location  can  be  used 
wrs  a  pure!/  electronic  read-out.  In 
variants  of  these  the  streamer  cham- 
ber the  m'jltiwire  proportional  cham- 
ber and  the  drift  chamber,  the  spark  is 
not  allowed  to  develop  fully,  which 
decreases  the  ttmc  during  which  the 
chamber  is  insensitive  to  the  passage 
of  further  particles  Detection  systems 
based  on  these  units  can  locate  a  par- 
ticle track  to  a  fraction  of  a  millimetre 
and  identify  the  time  of  passage  to  a 
nanosecond 

As  well  as  being  used  m  individual 
experiments  electiomc  detectors  are 
also  widely  used  in  general-purpose 
spectrometers  serving  a  range  of  dif- 
ferent experiments 


One  such  spectrometer  is  the  Ome- 
ga installation  in  which  the  central 
electronic  counters  are  operated  m  the 
aperture  of  a  high  field  superconduct- 
ing magnet  Different  configurations  of 
the  detectors  in  the  magnet  are  pos- 
sible The  assembled  data  are  handled 
directly  by  a  computer,  and  events  can 
be  visually  reconstructed  afterwards 
to  give  help  m  the  analysis. 

Other  large-scale  electronic  detec- 
tors include  the  equipment  built  for 
muon  experiments  m  the  North  Area  of 
fhe  SPS  400  GeV  proton  synchrotron 


the  detectors  in  the  West  Area  for 
neutrino  experiments  and  the  detec- 
tion systems  installed  at  the  SPS  to 
observe  proton-antiproton  collisions. 


Bubble  Chambers 

Bubble  chambers  have  the  advant- 
age of  recording  all  tne  charged  pro- 
ducts of  the  part'de  interactions  (apart 
from  the  limitations  imposed  by  the 
finite  size  of  the  bubble  chamber) 

The  operating  principle  is  to  retain  a 
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voJume  of  liquid  it  a  temperature  and 
pressure  such  that  it  is  on  the  point  of 
boiling.  When  the  pressure  is  abruptly 
reduced  the  liquid  boils  preferentially 
alons  the  tracks  of  charged  particles 
forming  lines  of  bubbles  where  ioniza- 
tion has taken  place. 

These  tracks  are  usually  photo- 
graphed by  several  cameras  (to  build 
up  a  three-dimensional  pictu.*^  «or  ana- 
lysis) before  the  volume  is  recom- 
pressed  to  prevent  general  boiling  of 
the  liquid.  The  chamber  is  usually  lo- 
cated in  a  high  magnetic  field  so  that 
the  trajectories  of  the  charged  par- 
ticles are  curved  and  measurements 
of  the  curvature  yield  information  on 
the  sign  of  the  electric  charge  and  on 
the  momenta  of  the  particles. 

The  liquid  in  the  chamber  may  be  hy- 
drogen, which  presents  the  simplest 
target  (a  proton),  or  deuterium  (proton 
plus  neutron)  which  gives  the  nearest 
approach  to  a  free  neutron  target,  or  a 
heavy  liquid  (such  as  propane  or 
freon). 

The  big  chamber  in  use  at  CERN  is  a 
3.7  m  liquid  hydrogen  bubble  chamber 
called  8EBC  (Big  European  Bubble 
Chamoer),  built  under  a  tnpartite 
agreement  between  CERN.  France  and 
Germany.  The  chamber  body  is  a 
domed  stainless  steel  vessel  termi- 
nating In  a  cylinder  in  which  a  lanje  pis- 
ton operates.  The  inside  of  the  cham- 
ber is  covered  with  Scotchlite  to  give 
bright  field  illumination  and  the  volu  me 
is  viewed  by  four  cameras  mounted  in 
portholes  In  the  dome  and  surrounded 
*'  by  annular  flash  tubes.  The  chamber  is 
surrounded  by  a  superconducting 
magnet  which  can  generate  a  field  of 
up  to  5  T.  The  chamber,  which  came  in- 
to routine  operation  in  1975  for  ex* 
peri m ems  on  the  PS.  can  be  used  with 
hadron  and  neutrino  beams  from  the 
SPS.  It  can  be  supplemented  with  a 
truck  sensitive  target,  a  plastic-wailed 
tank  usually  filled  with  liquid  hydrogen 
and  immersed  in  a  denser  liquid  $uch 
aa  a  neon-hydrogen  mixture  to  ensure 
more  events  within  the  cha  mber. 

Other  much  smaller  bubble  cham- 
bers are  used  together  with  electronic 
detectors  in  specially-developed  hy- 
brid systems.  In  the  bubble  chamber 
field,  increasing  use  is  also  being 
made  of  new  techniques  such  as  holo- 
graphy. 
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Over  the  past  25  yean  progress  In  ex- 
perimental high  energy  physics  has 
continually  made  full  use  of  the  most 
recent  developments  in  electronic 
computers  and  related  fields.  In  a  typi- 
cal experiment,  hundreds  of  thou- 
sands, or  even  millions,  of  particle  in- 
teractions have  to  be  sifted  to  obtain 
results  of  interest  If  the  detecting  ap- 
paratus is  not  to  become  swamped, 
fast  and  powerful  on-line  data  hand- 
ling is  required  Off-line,  the  analysis  of 
the  stored  data  often  involves  lone  and 
complex  calculations  This  require- 


ment for  fast  on-line  data  handling 
coupled  with  a  large  off-line  process- 
ing toad  is  one  of  the  most  distinctive 
features  of  CERN's  computing. 


On-line  data  handling 

There  are  over  250  computes  in- 
stalled at  CERN.  of  which  the  majonty 
are  used  In  physics  expenments  for 
data  acquisition  and/or  equipment  mo- 
nitonng  and  testing  Larger  expen- 
ments are  increasingly  turning  to 


32-bit  minicomputers.  powerful 
enough  to  carry  out  off-line  data  ana* 
lysis.  As  far  as  possible,  equipment  Is 
now  standardised,  using  minicom- 
puters manufactured  by  Norsk  Data 
and  Digital  Equipment  The  standard 
CAM  AC  electronics  interface  is  widely 
used,  although  faster  systems  are 
*>eing  developed  to  cater  for  new  requi- 
re ments  at  higher  data-taking  rates, 
Inci  ;:*:ng  use  is  also  being  made  of 
microprocessors  Recent  advances  in 
microcircuitry  have  provided  fast,  in- 
expensive 'ogic  units  which  can  be 
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used  to  build  powerful  processors  for 
data  acquisition  and  filtering  to  sup- 
plement traditional  hardwired  elect ron- 


Tha  Computer  Centra 

The  central  computer  service  Is 
based  on  two  distinct  systems,  one 
from  Control  Data  Corp.  consisting  of  a 
CDC  7600  front-ended'  by  a  Cyber 
1 70-720  and  a  Cyber  1 70-730,  and 
the  other  containing  IBM  (or  IBM  com- 
patible) equipment,  including  an  IBM 
30BI  processor. 

The  7600  is  a  h>,ge  and  extremely 
fast  60-bit  word-length  computer  well 
suited  for  precision  calculations  At 
CERN.  it  runs  only  b8tch  jobs  and  has 
no  penpherals  other  thar  its  disks  In- 
put and  output  of  work  »~.d  data  for  the 
7600  are  handled  by  the  two  Cyber 
front-end  machines  For  batch  mode, 
the  system  is  accessed  through  RIOS 
(Remote  Input/Output  Stations) 
across  the  site  The  CDC  system  also 
supports  on-line  terminals  The  IBM 
machines    are   accessed  primarily 
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through  terminals  working  under  a 
timesharing  system. 


Communications 

In  addition  to  a  large  increase  in  the 
number  of  computers  in  use  at  CERN. 
tuere  has  also  been  a  general  transi- 
tion towards  accessing  these  compu- 
ters from  remote  terminals  Data  com- 
munications thus  play  an  increasingly 
important  rote. 

The  large  INDEX  switched  private 
cable  network  allows  over  600  termi- 
nals to  access  over  40  host  compu- 
ters In  addition,  some  external  Institu- 
tes are  connected  to  INDEX  through 
dedicated  telephone  lines.  SUPER- 
MUX  supports  up  to  70  display  termi- 
nals accessing  the  central  CDC  com- 
puters The  CERNET  packet-switched 
communications  network  allows  data 
to  be  sent  between  users*  computers, 
including  the  central  CDC  and  IBM  ma- 
chines In  this  way  the  power  and  faci- 
lities of  the  central  computers  can 
supplement  an  expenment's  own  on- 
line computer  CERNET  is  also  being 


finked  to  national  data  networks.  Ex- 
periments have  been  carried  out  to  in- 
vestigete  the  feasibility  of  very  high 
speed  (megabit  per  second)  data 
transmission  between  CERN  and 
other  national  centres  using  the  Euro- 
pean Space  Agency's  experimental 
communications  satellite  OTS 


Other  applications 

Besides  data  handling  and  proces- 
sing for  physics  experiments,  there 
ere  many  other  uses  of  computers  at 
CERN.  The  PS.  (SR  and  SPS  ail  have 
computer-based  control  systems.  The 
SPS  uses  some  40  Norsk  Data  mini- 
computers dist,.outed  around  the  ring 
end  its  beamline*.  The  PS  was  origi- 
nally controlled  manually,  but  now 
usee  a  system  of  Nord-10s  modelled 
on  that  developed  for  the  SPS.  The 
original  (SR  computer  control  system, 
based  on  a  pair  of  Farranti  Argus  500 
computers,  has  now  been  extended 
using  Nord- 10s. 

An  Important  specialized  applica- 
tion Is  in  the  analysis  of  the  many 
thousands  of  photographs  of  particle 
interactions  from  bubble  chamber  film. 
An  additional  computing  load  comes 
from  administrative  tasks  at  CERN. 
which  are  being  handled  more  and 
more  by  the  central  computers.  An 
IBM  433 1  is  used  for  payroll,  budget- 
ing and  planning. 
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Foreword 


It  has  been  a  most  gratifying  year  in  which  iO  conclude  my  mandate  a*  President  of  the  CERN  Council 
because  the  highest  accolade  of  the  scientific  community,  the  Nobel  Prize  fo<  Physics,  has  been  awarded  to  two 
of  CERN's  most  distinguished  stiff.  This  was  in  recognition  of  the  success  of  the  proton-antiprotoa  collider  and 
of  the  discoveries  of  the  W  and  \  particles.  Through  this  award  the  woA  of  the  whole  Laboratory  has  been 
honoured. 

Far  from  resting  on  these  laurels,  the  determination  to  e  vure  that  CEUN  remains  at  the  forefront  of  particle 
physics  has  been  sustained  throughout  1984,  Many  fine  results  came  from  the  present  experimental  programme, 
the  collider  performance  was  significantly  improved,  and  a  start  was  nude  on  its  .m  pro  Yemeni  programme.  The 
construction  of  the  large  electron- positron  collider  (LEP),  despite  some  problems  in  the  first  half  of  the  year, 
remained  on  schedule,  and  the  preparations  for  the  four  mighty  LEP  experimental  facilities  were  most  impres- 
sive With  these  investments  for  the  future,  we  have  good  reason  to  hope  that  CERN  can  retain  a  leading  position 
.  jr  many  years  to  come. 

In  September  we  celebrated  the  thirtieth  anniversary  of  the  creation  of  CERN  with  a  ceremony  which  was 
honoured  by  the  presence  of  King  Juan  Carlos  of  Spain.  This  was  a  most  appropriate  way  to  mark  the  welcome 
return  of  Spain  to  the  Organization.  We  also  had  a  closing  ceremony  for  the  Io'ersecting  Storage  Rings,  with 
regrets  at  their  premature  demise  to  make  way  for  LEP,  but  also  with  the  knowledge  that  their  remarkable  per- 
formance has  shown  the  way  for  hadron  colliders. 

The  vitality  of  the  CERN  Laboratory  items  from  the  abilities  and  the  enthusiasm  of  its  staff.  It  has  therefore 
been  very  satisfying  to  see  the  positive  evolution  of  the  relationships  between  the  staff,  the  CERN  management, 
and  the  representatives  of  the  CERN  Member  States  during  the  past  few  years.  The  channels  for  communication 
and  discussion  are  now  more  solidly  in  place  and  I  have  every  hope  that,  with  a  constructive  attitude  on  all  sides, 
the  remarkable  spint,  which  has  always  prevailed  at  CERN,  will  continue  to  flourish. 

I  have  greatly  enjoyed  my  participation  in  the  work  of  this  outstanding  Laboratory.  It  has  been  an  honour  to 
lead  the  Council,  and  I  have  had  the  privilege  and  good  fortune  to  hold  this  office  at  a  time  when  CERN  has 
reached  new  peaks  of  scientific  and  technical  prowess.  1  am  convinced  that  further  exciting  rhysics  lies  ahe*d  in 
which  CERN  will  play  its  full  part.  I  rejoice  also  in  the  wonderful  spirit  of  cooperation  in  which  scientific 
resources  from  thirteen  nations  are  pooled  at  CERN.  May  this  continue  to  serve  as  an  example  of  what  may  be 
achieved  when  nations  work  together,  united  in  a  common  aim. 


Sir  Alec  Merrison 
PresxJenl  of  Council 
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History 


By  the  late  1940*1,  nuclear  physkbU  in  Europe 
had  realized  that  further  advance*  in  pure  research  on 
a  par  with  those  taking  place  in  the  United  States 
could  only  come  through  the  construction  of  particle 
accelerators  of  a  site  and  cost  beyond  the  means  of 
individual  nations.  Under  the  stimulus  of  a  number  of 
leading  scientists,  UNESCO  sponsored  an  intergo- 
vernmental meeting  in  December  1951  to  consider  the 
practicability  of  a  joint  European  nuclear  laboratory. 

At  u  second  meeting  in  February  1952,  1 1  nations 
signed  the  Agreement  which  established  an  interim 
body  which  was  to  be  known  as  the  "Consal  europecn 
pour  la  recherche  nudeainr'*.  So  the  acronym  CERN 
came  into  being  and  has  remained  ever  since  the  name 
by  which  the  Organization  is  best  known.  Over  the 
next  12  months,  the  structure  and  programme  of  the 
permanent  organization  was  worked  out,  and,  be- 
tween July  and  Decern tx.-  1953,  the  Convention  was 
signed  by  12  States  which  established  the  European 
Organization  for  Nuclear  Research.  The  founding 
States  were  Belgium,  Denmark,  France,  Germany 
(Fed.  Rep.),  Greece,  Italy,  the  Netherlands,  Norway, 
Sweden,  Switzerland,  the  United  Kingdom,  and 
Yugoslavia.  With  the  entry  into  force  of  the  Conven- 
tion on  29  September  1954,  the  new  CERN  formally 
came  into  being. 

Subsequently,  Austria  joined  the  Organiza'ion 
in  July  1959  but,  at  the  end  of  1961,  Yugoslavia  had 
to  withdraw  for  financial  reasons.  Turkey  became  an 
observer  State  in  June  1961,  and  was  joined  by  Yugo- 
slavia in  1962  and  one  year  later  by  Poland. 


Spain  entered  the  Organization  in  January  1961, 
but  financial  pressures  forced  her  withdrawal  at  the 
end  of  1968. 

As  early  as  October  1952,  the  Council  had  agreed 
on  Geneva  as  the  centre  for  the  Laboratory,  which 
was  then  ecu  Tinned  in  the  Convention.  The  founda- 
tion stone  was  laid  on  10  June  1955  at  Meyrin,  and  the 
next  day  the  Headquarters  Agreement  was  signed  with 
the  Swiss  Federal  Council.  At  that  time,  the  Labora* 
tory  comprised  40  hectares  in  the  Canton  of  Geneva, 
upon  which  began  construction  of  the  two  accekn. />rs 
stipulated  in  the  Convention,  Article  II,  3(a),  name!.  :• 
0  a  proton  synchrotron  for  energies  above  ten  glga- 

ekctronvoltsfHf'eV); 
U)  a  synchrocyclotron  capable  of  accelerating  pro- 
tons up  to  approximately  600  million  elect  ron*olts 
(6  x  HfeV). 

Meanwhile,  the  design  and  construction  of  the 
600  MeV  Synchro-cyclotron  (SQ  went  ahead,  and  a 
first  proton  beam  was  produced  on  1  August  1957. 
The  Synchrocyclotron  has  since  supported  a  very 
vigorous  programme  of  research  in  particle  physics 
and  nuclear  physics.  A  major  experimental  facility  for 
the  study  of  abort*livcd  nuclei  (ISOLDE:  Isotope 
Separator  On*Linc  DEtector)  was  completed  in  1967. 

The  first  circuits  of  the  Synchrotron  by  a  proton 
beam  were  made  on  16  September  1959,  and  full  ener- 
gy was  achieved  on  24  November.  Since  then  the  Pro- 
ton Synchrotron  (PS),  operating  at  energies  up  to 
28  GeV,  has  been  a  mainstay  of  the  high-energy 
physics  programme  of  Europe. 

The  decision  by  the  Council  to  build  intersecting 
storage  rings  associated  with  the  Proton  Synchrotron 
for  research  with  colliding  beams  necessitated  the  ex* 
tension  of  the  Laboratory  and,  following  approval  by 
the  Council  in  June  1965,  an  Agreement  was  signed  on 
13  September  with  the  Government  of  France,  to- 
gether with  a  Lease  Agreement  putting  at  the  disposal 
of  the  Organization  a  further  40  hectares  of  land  in  the 
communes  of  PreVessin  and  St.  Genls-Pouilly  adjoin* 
ing  the  existing  she.  On  27  January  1971  the  first  pro- 
ton-proton collisions  in  the  Intersecting  Storage  Rings 
(ISR)  were  observed.  A  lively  physics  programme  was 
immediately  mounted  at  this  macuine,  which  was 
unique  in  the  world. 

Collaboration  with  non •member  States  has  been 
actively  pursued,  and  an  Agreement  was  signed  on 
4  July  1967  with  the  State  Committee  of  the  USSR  for 
the  Utilization  of  Atomic  Energy  for  a  joint  scientific 
and  technical  programme  «t  the  76  GeV  proton 
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lyncfarotroc  at  the  Serpukhov  Institute  of  High- 
Energy  Physics.  The  Agreement  wis  extended  in  1975 
sad  again  in  I9C3  by  a  Protocol  which  opened  the 
poMibittty  for  Soviet  turns  to  participate  «u  experi- 
ments at  CERN. 

The  setting  up  o*  a  new  Laboratory  to  house  a 
proton  synchrotron  of  300  OeV  energy,  tint  discussed 
by  the  Council  in  1963,  required  modifications  to  the 
original  Convention.  The  Council,  in  December  1967, 
recommended  to  Member  States  the  acceptance  of  the 
necessary  amendments,  and  on  17  January  1971  the 
■mended  Cooventioc  came  into  force. 

On  19  February  1971,  10  European  States 
(Austria,  Belgium,  France,  Germany  (Fed.  Rep.), 
Italy,  the  Netherlands,  Norway,  Sweden,  Switzerland 
and  the  United  Kingdom)  decided  to  participate  in  the 
300  OeV  Programme.  They  were  joined  in  1972  by 
Denmark. 

It  was  agreed  that  the  accelerator  and  the  new 
experiment*!  area  in  the  north  of  the  site  should  be 
built  by  CERN  Laboratory  II  on  land  adjoining  the 
existing  Laboratory  designated  Laboratory  1.  A  total 
of  412  hectares  in  France  and  68  hectares  in  Switzer- 
land was  leased  to  the  Organization,  and  building  res- 
trictions have  been  imposed  on  a  further  509  hectares 
in  France  and  63  hectares  in  Switzerland. 

The  very  Urge  area  involved  and  the  open  nature 
of  the  ate— the  laxkmor  nas  been  buih  deep  under- 
ground and  only  the  few  surface  buildings  are 
enclosed— required  that  the  Agreement  covering  the 
legal  status  of  the  Organization  in  France  be  revised. 
The  amendment!  were  agreed  by  the  Council  in  June 
1972  and  signed  immediately  afterwards  on  16  June. 
The  Lease  Agreement  for  the  new  land  in  France  was 
signed  on  9  December  1972,  as  well  as  amendments  to 
the  first  Lease  Agreement  (signed  in  1965),  so  as  to 
bring  the  two  into  concordance  with  each  other.  The 
"Con trat  de  superfkie"  for  the  new  land  in  Switzer- 
land was  signed  on  16  December  1974. 

The  eight-year  long  300  GeV  Programme  was 
centred  upon  the  construction  of  a  proton  synchrotron 
in  a  ring  of  2.2  km  major  diameter.  In  June  1973,  the 


Council  approved  a  proposal  that  the  ring  should  be 
filled  with  iron-cored  magnets  and  that  the  construc- 
tion schedule  should  be  adjusted  to  allow  the  accelera- 
tor to  reach  a  full  energy  of  400  OeV  during  the  sixth 
year  of  the  Programme  » that  rrwmixfc  could  begh  at 
tt^endof  that  same  year  in  the  West  Area. 

The  two  CERN  Laboratories  were  united  into  a 
single  Laboratory  on  I  January  1976. 

The  new  400  GeV  accelerator,  now  called  the  SPS 
(Super  Proton  Synchrotron),  reached  its  design  energy 
for  the  first  time  in  June  1976.  The  year  1977  wai  the 
first  fuH  year  of  operation  of  the  SPS  for  experimental 
research,  and  it*,  performance  came  fully  up  to  expec- 
tations. The  c  .Vial  Inauguration  of  the  SPS  took 
place  on  7  May  1977. 

The  Twenty-Fifth  Anniversary  of  the  entry  into 
force  of  the  Convention  was  formally  celebrated  on 
23  June  1979. 

In  1980  a  technique  known  as  "beam  cooling", 
invented  at  CERN,  was  used  to  produce  high-intensity 
antiproton  beams,  and  in  1961  intense  antiproton 
beams  *erc  collided  with  proton  beams,  both  in  the 
SPS  and  the  ISR,  for  the  first  time. 

At  the  Council  sessions  of  25  June  and  30  Octo- 
ber 19C1,  all  Member  States  voted  in  favour  of  the 
construction  of  Phase  1  of  a  large  electron-positron 
colliding  beam  machine  known  as  LEP  with  a  design 
energy  of  100  GeV  per  beam.  The  machine  was  to 
Tiave  a  circumference  of  about  30  km,  and  the  initial 
energy  was  fixed  at  50  GeV  per  beam. 

In  1983  Spain  rejoined  the  Organization  after  an 
absence  of  14  years. 

On  13  September  1983  a  ground*brcaking  cere- 
mony marked  the  formal  start  of  the  civil  engineering 
work  for  LEP.  Also  in  1983,  a  low  energy  antiproton 
ring  (LEAR)  was  brought  into  operation  providing 
antiproton  beams  of  much  greater  intensity  and  better 
quality  than  ever  available  before. 

In  1984  the  Intersecting  Storage  Rings  were  closed 
down  to  liberate  financial  and  manpower  resources 
for  the  construction  of  LEP. 
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Introductory  Review 

H.  Schoppcr 


The  dacovery  of  the  W  and  2?  produced  in  pro- 
ton anaprotoo  coffinoof  made  1983  an  outstanding 
year  in  the  annals  of  CERN.  In  1964  the  far-reaching 
importance  of  that  discovery  received  recognition, 
through  the  award  of  the  Nobd  Prae  in  Physic*  to 
two  leading  scientists  at  CERN.  Tus  highest  honour 
in  the  world  of  science  was  bestowed  on  both  Carlo 
Rnbbie,  who  made  the  crudal  propoaal  and  was  the 
tender  of  the  derisive  eaperhnent,  and  on  Simon  van 
derMecr.wbomventedthetecnn^ar^piaimedthe 
acmrce  of  antiptOtons  whyJi  was  cm — to  produce 
profocnaatipro  on  cogaiom  at  the  highest  energies 
ever  achieved  in  a  laboratory. 
 The  Nobd  citation  for  the  first  time  eapbatry  re- 
cognizes the  growing  importance  of  *Ug  science'  by 
Jtntm*  ♦hii  the  awsrd  was  made  'for  their  decisive 
coutrfcutioas  to  the  brae  project  which  fed  to  the  dis- 
covery*. Thar  the  honour  is  shared  also  by  the  team 
who  prepared  and  ran  the  eompl«  »xp*™nfnT,  by  the 
dedicated  personnel  who  ensured  the  confidently  high 
tevek  of  laachine  performance  and,  in  a  wider  sense, 
by  the  whole  of  CERN. 

What  better  way  of  crowning  the  30  years  of  the 
Organization's  existence  celebrated  in  September 
19141  The  30th  Anniversary  of  the  ratification  of  the 
CERN  Convention  was  attended  by  many  personali- 
ties who  had  played  an  important  role  in  the  creation 
of  a  laboratory  whose  size  and  stature  in  1964  they 
could  not  have  iaaagined  m  the  pkmeermgdaysof  the 
fifties.  The  ceremony  wa*  honoured  by  the  presence  of 
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the  King  and  Queen  of  Spain,  a  most  welcome  visit 
end  a  symbolic  gesture  marking  the  re-entry  of  Spain 
into  the  Organization. 


A  Rich  tad  Varied  Research  Programme 

According  to  its  tradition  CERN  is  serving  a  large 
community  of  scientists  predominantly  from  its  13 
Member  States.  Because  of  the  uniqueness  of  some  of 
its  facilities  CERN  is  attracting  ever  more  scientists 
from  all  over  the  world,  e.g.  from  the  USA,  USSR, 
Japan  *'  Canada  and  China.  These  researchers, 
in  totai  „500,  came  from  193  universities  or  na- 
tional laboratories  and  they  work  peacefully  together 
in  collaborations  usually  comprising  several  nationali- 
ties. Although  the  main  emphasis  of  the  research  pro- 
gramme is  on  elementary  particle  physics  at  high 
energies,  a  considerable  effort  is  made  to  support  a 
varied  research  programme  covering  also  nuclear 
physics,  spectroscopy  and  even  some  ancillary  activi- 
ties in  chemistry,  medical  applications  and  detection 
of  gravitational  waves. 

About  3SO  physicists  are  catered  for  by  the  SPS  in 
its  proton-antiproton  collider  (SppS)  mode,  whereas 
somewhat  fewer  than  a  thousand  were  engaged  in 
fixed-target  experiments  when  the  SPS  functioned  as  a 
proton  accelerator.  The  available  operating  hours  of 
the  SPS  per  year  are  shared  almost  equally  between 
these  two  operating  modes.  The  complexity  of  the  ex- 
periments has  the  consequence  that  the  effort  needed 
to  analyse  the  data  turns  out  to  be  nearly  as  important 
a  limitation  for  the  experiments  than  beam  time. 
LEAR,  the  Low  Energy  Antiproton  Ring,  serves  16 
experiments  with  325  participants  while  the  very  first 
of  the  CERN  accelerators,  the  SC,  supplies  the  parti- 
cle beams  to  the  ISOLDE  isotope  separator,  and  to 
groups  working  on  muon  spin  rotation  (pSR)  spec- 
trometry and  ion  interactions,  totalling  over  150  ex- 
perimentalists. Several  hundred  of  these  physicists  al- 
ready engaged  at  CERN  can  also  be  found  among  the 
1000  now  preparing  very  actively  the  four  large  ex- 
periments for  the  future  LEP  Collider. 

This  research  programme  together  with  necessary 
improvements  of  some  facilities  and  the  construction 
of  the  LEP  project  are  carried  out  with  an  essentially 
constant  staff  and  budget.  This  demonstrates  that  ele- 
mentary particle  physics  is  not  consuming  ever  larger 
resources,  as  is  often  asserted  in  public,  but  on  the 
other  hand  it  impues,  that  very  sharp  selection  criteria 


have  to  be  applied  and  difficult  choices  have  to  he 
made  when  establishing  the  programme.  This  requires 
considerable  flexibility,  motivation  and  cooperation 
both  from  the  staff  of  the  laboratory  and  the  outside 
users.  But  it  also  implies  that  the  field  is  full  of  vigour 
and  vitality,  and  the  continuation  of  activities  merely 
because  of  inertia  cannot  be  tolerated. 


Performance  Records  Beaten 

A  sound  experimental  programme  can  only  be 
founded  on  a  consistently  high  level  of  accelerator  and 
equipment  performance.  Beam  time  is,  of  course,  al- 
ways in  great  demand  by  the  physicists,  and  therefore 
the  periods  allotted  for  machine  development  neces- 
sary to  improve  the  characteristics  of  machine  opera- 
tion had  to  be  kept  to  a  minimum.  Nevertheless  it  be- 
came possible  to  beat  past  records,  for  instance,  by 
raising  the  SPS  beam  intensity  from  2.6  to  3.2  x  10" 
protons  per  pulse,  mainly  by  increasing  from  10  to 
14  GeV  the  energy  of  particles  transferred  to  the  SPS 
from  the  PS.  The  latter  has  to  undergo  a  continuous 
process  of  rejuvenation  in  order  to  assure  its  reliability 
and  to  improve  its  operational  efficiency. 

Examples  are  a  new  computer-operated  control 
system  and  a  new  pre-injector  in  which  the  conven- 
tional Cock  croft-Walton  generator  has  been  replaced 
by  a  RF  quadrupole  system  which  not  only  focuses, 
but  also  accelerates  the  particle  beam.  The  exploita- 
tion of  the  PS /SPS  complex  has  been  rendered  much 
more  efficient  thanks  to  the  adoption  of  only  one 
period  per  year  in  either  its  fixed-target  mode  of  ope- 
ration or  as  SppS  Collider.  The  hours  scheduled  for 
physics  in  1984—5966  for  the  PS  complex,  2757  for 
the  SPS  fixed-target  experiments.  1974  for  the  SppS 
and  3932  for  'Jie  SC— are  proof  of  an  unequalled  deg- 
ree of  utilization  of  facilities  to  cover  a  wide  range  of 
research. 

The  imp-ovement  programme  of  the  SppS,  ap- 
proved in  198.1,  is  well  under  way.  It  should  be  recall- 
ed that  the  ALtiproton  Accumulator  (AA)  originally 
conceived  for  »n  annual  1000  hours  of  operation  is 
now  required  for  5000  hours  per  year  to  supply  the 
antiproton  needs  of  the  Collider  and  of  LEAR.  By  a 
number  of  steps  already  accomplished,  the  number  of 
available  an ti  protons  w»  increased  and  the  energy  of 
colliding  particles  raised  from  540  to  630  GeV.  In  con- 
junction with  other  measures  this  produced  a  record 
number  of  pp  collisions  in  terms  of  the  total  integrated 
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hmtfooBty.  Diving  the  period  of  SpfS  operation  be- 
tween September  and  the  end  of  1964  the  figure  reach- 
ed 395  nbM  as  against  153  nb"1  for  the  1983  runs. 
The  improvement  programme  win  culminate  in  1967 
with  the  completion  of  an  additional  tntiproton  col- 
lector ring,  ACOL,  surrounding  the  existing  AA  ring 
»nd  capable  of  increasing  the  intensity  by  about  an  or- 
der of  magnitude. 

The  suggestion  of  operating  the  Collider  at  the 
SPS  maximum  of  450  OeV  per  beam  has  been  put  to 
the  test.  The  limitations  imposed  by  power  supplies 
and  cooling  necessitate  pulsed  operation,  so  that  par- 
tides  collide  periodically  at  450  OeV  and  then  descend 
to  100  GeV.  Preliminary  trials  with  protons  have  been 
successful,  giving  a  beam  lifetime  of  several  hours,  so 
that  such  a  complex  mode  of  working  may  become 
feasible. 

The  operation  of  the  LEAR  storage  ring  which 
provides  very  pure  and  intense  antiproton  beams  at 
very  low  energies  could  be  considerably  improved.  It 


has  become  possible  to  mn  LEAR  for  24  hours  instead 
of  only  12  hours  per  day,  and  a  way  has  been  found  of 
syphoning  off  a  small  amount  of  antiprotons  from  the 
bulk  of  them  stacked  in  AA  and  destined  for  the  SpJSS 
Collider,  in  order  that  LEAR  may  be  run  in  parallel 
with  the  CoUider.  These  improvements  will  help  to 
meet  the  demands  far  more  beam  time  by  the  users  of 
this  youngest  of  CERN  facilities,  which  b  unique  and 
has  proved  to  be  very  reliable  in  its  first  full  physics 
runs  at  300,  600  and  1500  MeV/c  with  finery  control- 
led spills  of  about  an  hour's  duration. 


A  Fruitful  Year  for  Physics 

It  is  obvious  that,  following  the  discoveries  in 
1983,  interest  remains  very  great  in  the  new  results  ob- 
tained at  the  Collider  during  the  last  quarter  of  1984 
since  here  a  so  far  unexplored  energy  range  is  being 
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investigated.  The  'express  analysis*  of  what  may  be 
termed  'simple'  events,  such  as  the  production  of  W 
and  Z°  bosons,  by  experiments  UA1  and  UA2  has 
already  yielded  nearly  150  W  decays  as  agkinst  the  six 
or  so  at  the  time  their  discovery  was  confirmed.  Twen- 
ty new  Z°  decays  into  electron  pairs  were  found.  For 
other  forms  of  decay  and  the  more  complex  events  the 
analysis  will  take  somewhat  longer.  The  t  quark  with  a 
mass  of  around  40  OeV  has  afain  made  an  appearance 
in  the  UAI  data.  Particularly  interesting  is  a  type  of 
event  in  which  hadron  showers  are  produced  in  one  di- 
rection and  the  corresponding  'missing'  energy  is  car- 
ried li  the  opposite  direction  by  an  invisible  particle,  a 
neutrino,  perhaps,  or  one  as  yet  unknown,  manifest- 
ing 'supersymmetry',  a  theoretical  concept  unifying 
the  families  of  fermions  and  bosons.  More  time  will  be 
needed  for  a  proper  evaluation  of  the  significance  of 
such  events  in  the  new  data  samples. 

It  is  clear  that  CERN  will  remain  fully  competi- 
tive in  pp  physics  until  the  end  of  the  present  decade 
with  detectors  duly  upgraded  to  match  the  increased 
intensities  resulting  from  the  addition  of  ACOL. 

From  the  wide  range  of  results  obtained  by 
fixed- target  experiments  I  can  just  mention  the  work 
of  the  European  Muon  Collaboration  (EMC).  Their 
systematic  investigations  of  muon  scattering  from  pro- 
tons and  nuclei  have  revealed  a  phenomenon  now 
known  as  the  EMC  effect.  A  pronounced  difference 
exists  between  scattering  from  free  protons  and  that 
from  protons  bound  in  nuclei.  This  effect  has  been 
confirmed  and  additional  information  could  be  ob- 
tained by  investigating  specific  reaction  channels,  e.g. 
those  involving  the  production  of  J/tf-  particles.  Such 
investigations  are  greatly  helping  to  clarify  our  under- 
standing of  the  nucleus. 

It  is  not  only  through  massive  experimental  ap- 
paratus run  by  large  groups  that  very  useful  results 
can  be  obtained.  A  few  people  backed  by  little,  but 
specific,  technical  effoii  and  much  ingenuity  can  be 
quite  successful  too.  A  small  multinational  team  has 
directly  measured  neutral-p'on  lifetime— of  the  order 
of  10" 16  s— to  an  accuracy  greater  than  previously 
considered  possible.  Their  inspired  use  of  synchrotron 
radiation  to  eliminate  unwanted  electron  background 
signals  and  the  development  of  a  small  mechanical 
device  built  to  the  highest  standards  of  the  watch- 
maker's art  were  instrumental  in  keeping  the  measure- 
ment errors  so  low. 

Many  interesting  results  have  also  come  from  the 
low-energy  end  of  the  'pectrum.  The  new  facility 
LEAR  has  opened  a  mine  of  information,  for  instance 
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through  the  study  of  ant'protomc  atoms,  a  means  of 
atomic  spectroscopy  of  the  highest  quality.  The  im- 
portant role  of  the  SC,  the  first  accelerator  of  CERN, 
in  serving  a  very  enthusiastic  and  enterprising  com- 
munity of  physicists  should  not  be  forgotten.  The 
quite  unique  isotope  separator  JSOLDE,  which  has  al- 
ready helped  to  reveal  many  unfamiliar  features  of  nu- 
clear structure,  is  becoming  even  more  versatile  with 
the  aid  of  laser  beams  used  for  the  creation  of  excited 
atomic  states.  A  new  version,  ISOLDE  3,  now  under 
construction,  will  go  into  action  in  1986.  In  parallel 
with  this  almost  traditional  research  at  Uk  SC,  a  num- 
ber of  small  groups  are  carrying  out  a  novel  pro- 
gramme of  spectroscopy  based  on  the  effect  of  muon 
spin  rotation.  The  technique  has  proved  very  powerful 
in  several  domains  of  physics  and  chemistry,  such  as 
the  investigation  of  magnetic  properties,  isotope  ef- 
fects, radiation  damage,  with  particular  attention  also 
to  substances  of  biological  interest.  This  activity  will 
be  continued  at  CERN  where  the  technological 
expertise  on  the  requisite  low  temperatures,  higti 
pressures  and  refined  detectors  is  available. 


LEP  Construction  and  Experiments 

Theproject  of  constructing  LEP  has  clearly  passed 
the  phase  when  paperwork  predominated  and  has  en- 
tered the  'hardware*  stage  when  buildings  old  and  new 
on  the  CERN  site  are  being  readied  to  receive  a  rising 
tide  of  manufactured  components.  All  technical  chal- 
lenges so  far  have  been  met,  many  of  the  prototypes  of 
the  machine  components  have  passed  their  tests  with 
flying  colours  and  series  production  has  commenced 
in  several  instances. 

As  regards  the  LEP  injector  system,  the  buildings 
to  house  the  linacs  (LIL)  and  the  Electron  Positron 
Accumulator  (EPA)  are  ready,  and  sections  of  the 
linac  are  being  installed.  Next  in  line,  the  necessary 
modifications  to  the  PS  and  SPS  have  reached  the  test- 
ing stage  of  some  of  the  components  specially  de- 
veloped for  the  purpose.  The  design  of  the  shielding 
against  synchrotron  radiation  is  proceeding  and  that 
of  the  transfer  lines  to  LEP  has  been  largely  complet- 
ed. It  will  be  possible  to  re-use  a  considerable  number 
of  1SR  magnets  for  the  new  tcsks. 

As  for  the  LEP  main  ring,  series  production  of 
the  laminations  and  dipole  magnet  cores  is  well  under 
way.  Getting  on  to  200  cores  have  been  cast  and  deli- 
vered to  CERN,  and  tests  on  the  first  batches  have 
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proved  satisfactory.  With  regard  to  the  KF  acoderat- 
inf  system,  series  production  of  the  klystrons  and  of 
several  other  components  has  started  and  a  number  of 
complete  coupled-cavity  assemblies  have  been  finished. 

The  planning  has  been  sufficiently  flexible  to  co- 
pe with  certain  delays  in  some  civil  engineering  opera- 
tions so  that  the  aim  of  completing  the  project  by  the 
end  of  1968  stands.  After  having  committed  about  2/3 
of  the  total  cost  of  the  project,  it  is  gratifying  to  state 
that  the  expenditure  on  materials  and  components  re- 
mains well  within  the  limits  of  the  original  estimates. 

Progress  in  the  preparation  of  the  four  approved 
experiments  has  been  truly  impressive.  These  opera- 
tions are  carried  out  in  over  100  institutes  and  involve 
some  900  physicists  in  the  Member  States  and  about 
200  elsewhere,  backed  as  they  are  by  numerous  tech* 
nicians  in  their  various  workshops.  Much  has  already 
been  accomplished  on  the  basis  of  prototype  develop- 
ment and  testing,  and  several  of  the  development 
'milestones*,  set  by  Use  LEP  Experiments  Committee 
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Figure  «— rWJ^jr  mock-up  of  ome  q*oos**t  of  the  detector  for 
ALEPH.  one  of  the  four  mejor  experiments  being  prepared  for  LEP. 
(C£XN~(XJ  03  U) 


(LEPQ  which  assesses  technical  progress,  have  been 
met  by  the  collaborations.  The  actual  performance 
has,  in  some  cases,  turned  out  to  be  even  better  than 
envisaged  in  the  original  proposal.  In  the  meantime 
many  of  the  final  components  have  been  ordered  or 
are  being  manufactured.  The  fact  that  the  total  cost  of 
these  experiments  approximates  340  MSF,  with  a 
CERN  contribution  of  60  MSF  and  about  1/3  cf  the 
total  cost  from  non-Member  States,  illustrates  the 
novel  character  of  these  experimental  ventures  of  the 
future,  which  calls  for  quite  a  new  form  of  coordina- 
tion and  control.  Thus  the  progress  of  expenditure  by 
the  various  group*  and  laboratories  is  monitored  by  fi- 
nancial review  committees  for  each  experiment. 

The  LEP  design  has  been  optimized  for  beam 
energies  of  about  100  GeV,  well  above  the  Z°  prod'X- 
tion  peak,  and  the  bending  magnets  are  capable  of 
handling  energies  up  to  125  GeV. 

To  push  the  initial  energy  of  50  GeV  per  beam  to 
the  design  energy  it  will  be  necessary  to  upgrade  the 
accelerating  RF  system  which  has,  above  all,  to  com- 
pensate the  losses  due  to  synchrotron  radiation.  It  is 
planned  to  realize  this  upgrading  with  superconduct- 
ing cavities  instead  of  the  normal  copper  cavities.  A 
vigorous  development  programme  for  this  new  tech- 
nology is  carried  out  at  CERN  and  very  encouraging 
results  have  recently  been  obtained.  It  is  foreseen  to 
have  a  few  of  these  cavities  in  the  LEP  beam  at 
turn-on  in  order  to  gain  experience  about  their  behavi- 
our in  an  operating  accelerator. 
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In  order  to  exploit  in  the  most  efficient  way  the 
large  investments  being  put  into  the  civil  engineering 
and  the  infrastructure  existing  at  CERN,  the  possibili- 
ty of  placing  a  second  ring  (e.g.  for  protons  and/or 
antiprotons)  into  the  LEP  tunnel  had  been  considered 
already  at  the  time  of  project  approval.  Since  accord- 
ing to  experience  lead-times  are  very  long  and  new 
magnet  technologies  might  have  to  be  developed,  pre- 
liminary studies  for  various  options  of  such  a  hadron 
collider  in  the  LEP  tunnel  were  started  in  collabora- 
tion with  ECFA. 


Organizational  and 
Administrative  Matters 

Since  staff  is  the  most  valuable  asset  of  a  labora- 
tory and  since  some  important  problems  concerning 
personnel  policy  became  apparent,  more  attention  has 
been  and  wul  be  devoted  to  staff  policy.  Indeed  the 
coming  years  will  be  decisive  for  long-term  personnel 
policy.  First  of  all,  the  number  of  retirements  each 
year  will  rise  rapidly  in  some  four  or  five  yean  from 
now.  Careful  planning  will  be  required  in  order  to 
have  a  smooth  transition  from  the  present  situation  of 
very  few  retirements.  Thee  the  whole  question  of  em- 
ployment conditions  and  recruitment  policy  will  need 
to  be  carefully  examined  and  reviewed  in  the  light  of 
the  changing  overall  economic  situation.  Associated 
with  these  topics  are  a  number  of  problems  related  to 
the  pension  fund,  including  the  need  to  find  substan- 
tial sums  of  money  from  1990  onwards  to  pay  the  Or- 
ganization's share  of  the  four  steps  of  the  comple- 
mentary pension  scheme.  Then  the  whole  question  of 
the  relations  of  CERN  with  industry  wul  have  to  be 
critically  examined,  leading  perhaps  to  a  change  in 
policy  whereby  much  more  work,  including  design 
work,  is  contracted  out  to  industry.  This  will  probably 
imply  a  reduction  and/or  restructuring  of  some  of  the 
basic  CERN  services.  Lastly,  the  change-over  from  the 
construction  phase  of  LEP  to  the  operational  phase 
will  also  bring  problems,  and  a  re-adjustment  of  the 
staff  structure  may  well  be  necessary. 

To  attack  all  these  questions,  one  needs  the  pro- 
per instruments.  In  this  respect  1984  was  an  important 
year  when  two  essential  advances  were  made  on  the 
personnel  front.  First  of  all,  for  the  first  time  a  formal 
tripartite  committee  (with  representatives  of  the  Mem- 
ber States,  the  Management  and  the  Staff  Association) 
was  set  up,  reporting  directly  to  Council,  namely  the 
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Consultative  Committee  on  Employment  Condition* 
(CCEQ.  !u  value  was  immediately  made  evident  by 
the  agreement  in  principle  reached  by  Council  in 
October  on  the  Fourth  Step  of  the  Complementary 
Pensions  Scheme. 

Secondly,  an  internal  Staff  Policy  Group  was  es- 
tablished. The  group  has  already  tackled  such  topics 
as  staff  appraisal  and  career  paths  as  well  as  looking 
into  some  organizational  aspects  of  personnel  matters. 

Further  steps  will  be  taken  during  1965  to 
strengthen  other  aspects  of  personnel  management  in 
the  Organization  in  order  to  make  the  best  and  most 
efficient  use  of  the  human  resources  of  the  Laboratory. 


Outlook 

CERN  is  presently  in  a  very  successful  phase. 

With  the  pp"  improvement  programme,  with  LEP 
(initial  stage  and  upgrading)  and  later  options  in  the 
LEP  tunnel,  CERN  has  all  prospects  from  the  imme- 
diate to  the  more  distant  future  to  remain  in  the  fore- 
front of  world  high  energy  physics.  Of  course*  the 
production  of  excellent  scientific  results  will  remain 
the  main  aim  of  the  laboratory. 


However*  one  should  not  forget  some  other  bene- 
fits which  emerge  from  the  activities  of  CERN.  Inter- 
national collaboration  has  been*  an  essential  element 
during  the  history  of  CERN*  right  from  the  beginning. 
With  the  preparations  for  the  LEP  experiments  this 
cooperation  has  reached  a  new  quality*  embracing  the 
whole  globe,  and  will  certainly  continue  to  contribute 
to  a  better  mutual  understanding  of  scientists  from 
different  countries  and  different  social  and  political 
systems. 

For  quite  some  dmc  it  has  been  accepted  that 
CERN  is  a  centre  of  advanced  technology  giving  many 
hrentives  to  industry.  This  has  recently  been  con- 
firmed by  a  study  of  the  economic  utility  of  contracts 
adjudicated  by  CERN  to  industry. 

Last  but  not  least,  it  is  more  and  more  recognized 
that  CERN  offers  excellent  opportunities  for  training, 
not  only  to  scientists  but  also  to  technicians.  As  a  con- 
sequence some  of  the  training  programmes  have  been 
intensified,  sometimes  on  the  basis  of  bilateral  agree- 
ments with  Member  States. 

CERN  will  endeavour  to  continue  to  render  its 
service  to  the  Member  States  and  to  society  in  general, 
in  the  form  of  scientific,  cultural,  human  and  tech- 
nological contributions. 
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Theoretical  Physics  Division 


The  November  telephone  list  of  the  CERN 
Theory  Division  had  105  names— the  August  list  had 
140.  In  addition  there  were,  as  always,  many  visitor* 
not  staying  Ions  enough  (at  least  one  month)  to  be  so 
listed.  Theraare  only  2!  Staff  physicists. 

During  the  year,  292  preprints  werv  produced 
in  the  Division.  They  were  spread  over  the  whole 
range  of  elementary  particle  theory,  and  even  a  link 
further,  but  only  a  few  main  themes  will  be  mentioned 
below. 


Unified  Theories 

Theoretical  physicists  are  increasingly  optimistic 
about  the  possible  production  of  a  theory  unifying  the 
strong,  electromagnetic,  weak,  and  gravitational  inter- 
actions. The  most  promising  candidates  at  this  time 
are  supergravity  and  Kaluxa-KJein  theories. 

The  excessively  high  degree  of  symmetry  shown 
by  such  theories  has  somehow  to  be  spontaneously 
broken.  In  this  connection,  supergravity  models  with 
'flat  potentials',  introduced  at  CERN  last  year,  were 
further  developed.  A  remarkable  intuitive  explanation 
was  found  for  the  existence  of  non-compact  global 
symmetries  in  extended  supergravities,  as  required  for 
the  flat  potential.  The  construction  of  the  full  N  «  2 
Yang-Mills  supergravity  Ijgringian  and  the  study  of 
its  mathematical  and  physical  implications  were  vigor- 
ously attacked.  Some  versions  of  N  «  2  are  of  particu- 
lar interest  in  that  the  desired  flatness  of  the  potential 
emerges  automatically.  The  possibility  of  'no-scale' 
models,  in  which  ail  scales  other  than  the  Planck  mass 
arc  determined  by  the  dynamics,  was  further  explored, 
with  encouraging  results.  The  possibility  of  decoup- 
ling local  and  global  SUSY-breaking  scales  may  prove 
to  be  important.  One  such  model,  with  almost  mass- 
less  gravitinos,  gives  a  natural  resolution  of  the  strong 
CP  problem,  with  0qcd  dynamically  relaxed  to  zero. 
As  icgards  weak  CP  violation,  the  standard  model 
seems  to  have  difficu'ty  with  the  observed  bottom- 
quark  lifetime  and  top-quark  mass  around  40  GeV. 
The  supenymmetric  version  was  worted  out  in  great 
detail;  it  was  found  to  be  problem  free,  and  to  have 
interesting  consequences  for  experiments  in  prepara- 
tion at  CERN  and  elsewhere. 

The  study  of  supersymmetric  theories  at  finite 
temperature  raised  the  possibility  of  symmetry  not 
bong  restored  at  very  high  temperature,  which  would 
have  implications  for  the  early  Universe. 


1 

• 

y 

• 

X 

* 

In  Kaluza-Ktein  theories,  space  b  initially  given 
extra  dimensions.  They  are  supposed  to  curl  up  some- 
how to  have  very  small  extension,  and  so  appear 
phenomenologically  as  internal  rather  than  external 
degrees  of  freedom  of  particles.  Trie  extra  components 
of  the  gravitational  field  then  appear  as  the  ga^ 
and  other  fields  of  elementary  particle  physics.  Consi- 
derable progress  was  made  in  seeing  how  the 
4-dimensional  N  «  8  supergravity  is  embedded  in  the 
11 -dimensional  theory.  And  new  results  on  sponta- 
neous symmetry  breaking  were  obtained. 


Cosmology 

There  is  now  a  strong  interaction  between  ele- 
mentary particle  physics  and  cosmology.  In  particular, 
scenarios  for  the  very  hot  early  Universe  bring  into 
play  the  high-energy  features  of  unified  theories,  pro- 
viding a  critical  testing  ground  for  such  theories. 

In  this  connection  th:  'flat-potential  no-scale' 
supergravity  models  proved  especially  interesting. 
They  produce  naturally,  at  tree  level,  one  of  the  out' 
standing  unexplained  features  of  cosmology— the 
vanishing  cocmolc^ical  constant.  A  flat  zero  scalar 
potential  is  obtained  at  tree  level.  Radiative  correc- 
tions produce  a  minimum,  determining  dynamically 
the  breakdown  scale  mw  of  the  Glashow-Salam- 
Weinbcrg  symmetry.  A  value  of  the  cosmologica] 

23 


ERLC 


612 


608 


constant  of  order  mt  then  appears*  unfortunately  not 
zero  but  much  smaller  than  the  otherwise  natural 
value  mimi  Tbesc  rvxtels  have  been  extended  to  pro- 
duce the  early  exponential  inflation  which  is  at  present 
thought  to  account  for  the  subsequent  larie-scale 
homofeneity  and  Uotrop:'  of  the  Universe.  ThU  infla- 
tion also  serves  to  reduce  the  density  of  monopoks. 
which  would  otherwise  be  a  problem.  Even  with  infla- 
tion the  gravitinos,  whh  mass  of  order  aw,  regene- 
rated during  the  'reheating'  phase,  tend  to  provide  an 
excesdve  energy  denary.  But  this  is  avoided  in  a  sub- 
class of  these  models  in  which  the  scale  of  super- 
symmetry  breaking  is  related  to  the  mass,  not  of  gra- 
vitinos,  but  of  gautinos  (supersymmetric  partners  of 
gauge  bosons). 

Some  work  was  also  done  on  the  emergence  of 
large-scale  features --galaxies  and  clusters— as  pos- 
sibly triggered  by  unstable  neutrinos.  And  experimen- 
ts! ways  were  suggested  for  the  detection,  in  cosmic 
rays  and  in  the  Earth's  crust,  of  the  strange  matter  of 
Witt  en,  cowaining  about  as  many  s  quarks  as  u  and  d, 
that  might  be  left  over  from  the  confining  transition. 


Collider  Physics 

Much  of  the  work  of  the  Division*  centred  on  the 
physics  produced  by  present  and  future  CERN  col* 
tiders. 

The  theory  of  W  and  Z  production  in  present  and 
future  colliders  was  worked  out  in  great  detail— the 
most  thorough  analysis  yet  made.  The  formalism  was 
checked  sgtinst  ISR  data  on  lepton  pair  production, 
with  full  agreement.  Within  the  accuracy  of  the  data 
no  intrinsic  quark  transverse  momentum  was  re- 
quired, leaving  the  QCD  scale  A  as  the  only  para- 
meter. In  connection  with  the  transverse  momentum 
distribution  of  W  and  Z  at  the  CERN  pp  Collider, 
conjectures  about  the  summation  of  leading  logs  were 
established,  and  the  resulting  theory  was  shown  to 
agree  well  with  the  data.  A  theory  of  hadron  activity 
associated  with  W  and  Z  production  did  not  suggest 
notably  stronger  activity  for  Z  than  for  W,  despite 
hints  from  preliminary,  low-statistics  data  that  this 
might  be  so  experimentally. 

Preliminary  indications  for  dif tractive  t-quark 
production  in  UA1  led  to  a  theoretical  snalysis  of  this 
process.  In  connection  with  UA2  data,  the  theory  of 
probability  distribution  over  jet  number  was  uevel* 
oped,  with  the  aim  of  extracting  the  QCD  coupling 
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constant.  In  connection  with  the  ISR  gas  jet  experi- 
ment, in  which  ami  protons  collide  with  hydrogen 
atoms,  a  detailed  analysis  was  made  of  the  formation 
and  decay  of  charmouium  states,  which  will  be  of 
great  value  in  the  final  analysis  of  the  experiment.  The 
possible  production  and  detection  of  supersymmetric 
particles  at  the  CERN  Collider  received  particular 
consideration. 

Much  attention  was  given  to  the  surprising 
one-jet  events  and  hard  photon  decays  of  Z  seen  in  the 
U  A 1  and  UA2  experiments.  Theories  involving  excited 
composite  quarks,  and  others  involving  supersymme- 
try,  were  advanced.  An  interpretation  of  the  'mono- 
jet'  events  as  involving  so^tark-antisquark  pair  pro- 
duction seems  very  premising,  with  a  mass  of  some 
40  OeV  for  the  squark— the  supersymmetric  partner 
of  the  quark.  This  would  be  the  first  phenomenologi- 
cal  manifestation  of  supersymmetry. 

A  model  was  proposed  for  the  expansion  and 
hadronization  of  droplets  of  quark  ghjon  plasma  that 
might  be  produced  in  high-energy  collision  of  hadrous 
and  especially  of  nuclei.  Comparisou  with  existing  ex- 
perimental data  was  encouraging  for  a  systematic 
search.  The  model  has  implications  also  for  the  quark- 
gluon-ptasma  io  hadron-gas  transition  in  the  early 
Universe* 

Many  members  of  the  Division  participated  in  the 
study  of  the  proposal  to  install  a  large  hadron  collider 
(LHQ  in  the  LEP  tunnel,  and  in  the  conference  on 
this  subject,  which  took  place  in  Lausanne  and  at 
CERN  in  March.  If  supersymmetry  is  good,  a  flood  of 
new  particles  should  appear.  Composheoess  of  quarks 
and  leptons  might  show  up.  In  particular,  it  was 
pointed  out  tiu  the  device,  copiously  producing 
charmed  particles,  would  be  a  surprisingly  powerful 
source  of  leptons,  including  muons  and  neutrinos,  and 
maybe  of  the  hypothetical  photinos  of  supersymme- 
try. If  leptons  and  protons  are  collided,  the  evolution 
of  structure  functions  to  much  higher  q*  can  be  fol- 
lowed. Predictions  for  proton-proton  and  proton- 
anti proton  elastic  scattering  in  future  higher-energy 
colliders  were  made. 


Quantum  Field  Theory 

Quantum  Add  theory  is  the  foundation  for  the 
whole  of  elemental  y  particle  physics.  As  well  us  appti* 
cations  to  wou!d*bc  realistic  schemes,  there  is  a  con* 
tinual  effort  to  deepen  understanding  of  the  theory. 
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Anomalies — failures  In  higher  order  of  symme- 
tries holding  in  lowest  order— were  studied  in  spece- 
limes  of  arbitrary  dimension,  it  has  become  important 
to  do  so  because  of  the  current  interest  in  Kaluza- 
JOein  theories,  and  because  of  relations  between 
anomalies  in  different  numbers  of  dimensions.  A  sys- 
tematic classification  in  terms  of  group  topology  has 
been  achieved. 

In  non-linear  sigma  models  with  hidden  gauge 
symmetries,  it  was  found  that  anomalies,  at  the  quan- 
tum level,  force  reconsideration  of  the  dynamical 
generation  of  gauge  bototu. 

The  question  of  chiral  symmetry -breaking  in 
the  supersymuetrk  extension  of  the  Nambu- 
Jona-Larinio  mode)  was  analysed.  Supersymmetry 
protect*  chiral  symmetry,  but  with  soft  supersym* 
metry-breaking,  spontanea  chiral  symmetry-break- 
ing appears,  together  with  composite  GokUtooc 
bosons,  for  strong  enough  coupling. 

It  was  investigated  bow  in  supersymmetric  gauge 
theories  the  non-pert  urbative  effects  are  able  to 
generate  non-trivial  vacuum  properties  otherwise  for- 
bidden by  pert  urbative  non-renormalization  theorems. 
The  unconstrained  instant  on  method  emerged  as  a 
powerful  and  self -consistent  approach. 

For  supersymmetric  theories,  a  systematic 
method  for  the  identification  of  stochastic  variables 
(Nicolai  mapping)  was  devised. 

An  argument  was  given  for  the  equivalence  of 
stochastic  and  microcanonical  quantization  in 
Euclidean  field  theory. 

An  analysis  of  gauge  theory  monopoles  suggested 
that  they  can  have  fractional  spin  and  intermediate 
statistics. 

In  connection  with  string  theory,  progress  was 
made  with  the  irreducible  representations  of  the  Vira- 
soro  algebra,  and  their  applications  for  constructing 
new  string  models.  And  the  construction  and  analysis 
of  LiouvUle  field  theory  suggested  a  whole  new  class 
of  statistical  models.  It  was  established  that  the 
S-matnx  of  the  LiouvUle  field  theory  is  trivial  in  the 
context  of  the  D'Hoker-Fretdman-Jackiw  quantiza- 
tion. 


Lattice  Gauge  Theory 

Substantial  effort  was  again  devoted  to  the  direct 
numerical  simulation  of  gauge  theories.  This  ts  greatly 
impeded  by  the  limitations  of  present  computers. 


Much  insight  and  analysis  are  required  in  order  to 
interpret  the  preliminary  results. 

In  this  connection  the  Monte  Cario  renorma- 
Uzation  group  (the  numerical  approach  to  the  real 
space  renormitirarion  group)  was  intensively  studied. 
It  permits  the  approach  to  the  continuum  limit  to  be 
handled  in  an  economical  fashion.  The  resulting  beta 
function  explained  the  unexpected  scaling  of  the 
deconfmement  temperature  in  pure  SU(3)  gauge 
theory.  In  that  theory,  de^nitive  results  for  string  ten- 
sion were  obtained. 

The  incorporation  of  quarks  into  the  relmlatWt 
remains  at  an  exploratory  stage.  Comparison  between 
Kogut-Susskmd  and  Wilson  fermion*.  in  quenched 
approximation,  showed  disagreement  by  a  factor  of  2 
for  quark  masses, 

A  definition  of  topological  susceptibility  in  lattice 
QCD  was  shown  to  be  perturoativery  zero,  and  there- 
fore suitable  for  Monte  Carlo  simulation.  A  practical 
definition  for  an  integer-valued  topological  charge 
was  proposed.  One-loop  pert  urbative  catenations  of 
Wilson  loop  expectation  values  were  performed,  giv- 
ing the  possibility  of  constructing  improved  variables 
that  are  less  sensitive  to  lattice  artefacts.  By  introduc- 
ing appropriate  collective  coordinates,  difficulties  in 
applying  perturbation  theory  to  0(N)  lattice  sigma 
models  were  resolved. 

Ideas  have  been  put  forward  for  a  specialized 
computer  which  would  be  faster,  and  very  much  chea- 
per, than  cominercially  available  alternatives.  A  fea- 
sibility study  is  starting  in  collaboration  with  groups  in 
the  Member  States. 


Composite  Systems 

Hadrons  are  held  to  be  composites  of  quarks,  and 
it  is  speculated  that  quarks,  leptons,  and  gauge  bo- 
sons, might  themselves  be  composite.  So  the  dynamics 
of  binding  is  of  continuing  importance. 

The  Shi  f  man  -  Vainsbtein  -  Zakharov  sum  rule 
technique  was  applied  in  a  systematic  way  to  quarko- 
nla  and  gluonia.  For  the  charmonium  system  it  was  ar- 
gued that  the  large  correction  found  for  the  Q2  «  0 
version  of  the  method  would  be  gieatly  reduced  in  the 
large  Q*  version.  The  SVZ  method  was  applied  also  to 
hypothetical!)  composite  quarkc,  teptont,  and  gauge 
bosons.  For  composite  wuk  bosons,  a  serious  dif- 
ficulty emerged— that  of  too  strong  coupling  to 
quarks. 

25 


ERLC 


614 


610 


In  the  potential  modd.  new  bounds  oo  energies 
and  wave  functions  were  presented.  And  a  very  de- 
tain theorem  oo  the  ordering  of  levels  In  potentials 
was  given.  Comparison  with  the  Coulomb  case  shows 
the  Lapiadan  of  the  potential  to  be  the  ™wMTHt 
feature.  The  theorem  has  applications  in  nuclear  and 
atomic,  as  well  as  in  subuxsear  physics. 

Stimulated  by  evidence  for  the  top-quark  at  UA1. 
a  detailed  study  was  made  of  the  production  and  de- 
cay of  toponium.  If  the  mass  is  indeed  about  OeV, 
toponhtm  produced  at  LEP  win  be  almost  completely 
poUrtod.  which  win  help  in  its  identification. 

Corrections  to  pioo  low-energy  theorems  were 
evaluated  in  a  systematic  one-loop  chiral  petturfcaJoo 
theory;  the  improved  theorems  agreed  very  wen  with 
experiment. 


Otlrcr  ActJrJtfe* 

The  n-ain  roles  of  TH  Division  were,  as  always, 
original  research  and  collaboration  with  the  experi- 
menters. Only  a  fraction  of  the  year's  research  pro- 
duction has  been  mentioned  above.  The  collaboration 
with  experimenters  seemed  to  us  to  go  very  well.  The 
DrvHon  also  hes  an  educative  role.  Many  members 
gave  lecture  courses— in  the  Division,  in  the  CERN 
Academic  Training  Programme,  at  summer  schools 
and  winter  schools,  and  at  workshops— and  a  large 
number  of  individual  talks  were  delivered,  both  in 
Europe  and  abroad.  The  Division  al*>  contributed,  as 
usual,  to  the  management  of  CERN,  participating  in 
the  work  of  the  various  coamittees. 
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Experimental  Physics  Division 


In  trod  actio* 

The  pf>  collider  and  the  experiment!  around  it 
have  again  operated  successfully  in  1964.  Due  to  in- 
creased luminosity  they  hive  had  more  than  twice  as 
many  pp  interactions  to  investigate  as  in  1963. 

Two  exciting  new  observations  nave  come  from 
UA1:  the  finding  of  events  with  missing  transverse 
energy  exceeding  40  OeV  accompanied  by  a  single  jet 
of  single  electromagnetic  cluster.  These  cannot  be  weD 
accounted  for  by  known  processes,  and  may  herald 
the  observation  of  totally  new  phenomena.  Analysis 
of  the  data  (and  theoretical  speculations)  are  proceed- 
ing vigorously. 

A  class  of  events  has  been  observed  that  fit*  weQ 
with  the  expected  characteristics  of  partkks  contain- 
ing the  yet  undiscovered  Hop*  quark.  If  this  explana- 
tion is  confirmed  it  will  establish  the  mass  of  the  top 
quark  to  be  in  the  range  30  to  $0  OeV. 

The  f>  accumulator  has  also  comimied  to  act  as  a 
unique  high-intensity  source  of  low  energy  antiprotoos 
for  the  low  energy  antiproton  ring  LEAR.  Data  have 
been  accumulated  on  a  wkb  variety  of  processes.  To 
quote  one  with  'far-reaching*  consequences— the 
measurement  of  the  reaction  p  4Hc  —  *Hc  +  X  has 
shed  light  on  the  antiproton  abundance  in  the  early 
eras  of  our  universe! 

At  the  lower  energy  end  of  the  spectrum  of 
CERN*$  experimental  programme  the  ISOLDE  faci- 
lity has  discovered  two  new  cases  of  the  exotic  radio- 
active decay  mode  giving  the  emusion  of  MC  nudd. 

This  report  describe  many  of  the  other  results 
obtained  in  processes  in  the  energy  range  of  540  GeV 
(pp  collisions)  to  0.01  eV  (muon  spin  rotation).  Brief 
mention  is  made  of  some  of  the  technical  activities  on 
which  this  experimental  programme  depends. 


Proton-Antiprolon  Collider 

lateraaediate  rector  bosons 

The  analysis  of  data  provided  by  the  1982  and 
1981  runs  of  the  Collider  (-20  and  120  nb" 1  inte- 
grated luminosity  respectively)  continues  with  the 
emergence  of  important  new  results  from  the  two  large 
collaborations,  rural y  Aachen  -  Amsterdam  - 
Annccy- Birmingham  -  CERN  -  Harvard  -  Helsinki - 


ntml-Hm**ctnmifUt*ltfi**->fr  4mxp *****  »** 
fewr  most  *V  rmMmm.  Tkt  am  k  At  utt  t  itApwrf 

Kid  -  London  (QMC)  -  Padua  -  Paris  (CdF)  -  River- 
side -  Rome  -  Rutherford  -  Saday  -  Vienna  - 
Wiacoasin  (UA1)  and  Bern -CERN -Copenhagen  - 
Heidelberg  -  Orsay  (LAL)  -  Pavia  -  Perugfa  -  Pisa  - 
Saday  (UA2). 

Mass  value*  obtained  from  leptooic  decays  of  the 

meat  with  the  expectations  of  the  standard  ssodel.  The 
width  of  the  is  related  to  the.  total  number  of  quark 
and  lepton  families;  the  width  value  obtained  from  a 
careful  analysis  of  the  few  7*  —  e V  events  available 
(Fig.1)  and  the  ratio  of  the  Z  aid  W  cross  section  al- 
low UA2  to  dahn  that  with  90%  confidence  the  addi- 
tional oumber  of  neutrino  generations  beyond  the 
♦hrte  of  the  standard  model  is  smaller  than  17. 


Search  for  new  physics 

Small  samples  of  events  from  the  UAl  and  UA2 
Collaborations  have  intriguing  features  which  may  be 
indications  of  exciting  new  physics.  New  data  from  the 
1984  run  are  awaited  to  provide  confirmation  and  un- 
derstanding of  the  true  nature  of  thtse  effects. 

For  example  the  UAl  Collaboration  have  report- 
ed the  observation  of  events  where  a  missing  trans- 
verse energy  greater  than  40  GeV  is  •ff^istr1  with  a 
single  jet  or  a  single  electromagnetic  cluster.  The 
transverse  masses  for  these  events  are  larger  than  those 
expected  f or  W  and  Z°  decays.  An  example  of  such 
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Flpat  2— Exempt*  oj  UAI  *mo*Qj<l'  (t)  «  mittaj  owwar  tntr^t 


'mono  jet'  events  is  shown  in  Fig.  2.  Interpretations  of 
the*?  events  in  terms  of  some  new  particle  (e.g.  the 
photino  of  supersymmetric  theories)  carrying  away  the 
missing  energy  are  being  entertained. 

A  search  for  the  t-quark  (top)  needed  to  complete 
the  third  generation  of  quarks  and  leptons  is  being 
carried  out  by  the  UAI  Collaboration.  They  look  for 
decays  of  a  single  W*  or  W"  into  a  top  and  a  bottom 
quark  where  the  top  quark  (m,  >  22  CcV/c2)  has  a 
subsequent  semikptonic  decay,  viz.: 

W*  — 16     t  — £*rb     I  m  (electron,  muor), 

or    W"-fb  f-Tr5. 

The  signature  for  these  events  would  be:  two  jets 
(b  and  6  fragmentation)  and  an  isolated  lepton.  At 
present  six  possible  candidates  have  been  identified, 
one  of  them  is  shown  in  the  frontispiece.  They  are 
found  to  be  consistent  with  the  W*  —  tb  (or  W"  — 


t  b)  decay.  If  this  is  indeed  the  case,  then  the  mass  of 
the  top  quark  lies  between  30  and  50  GeV/c2.  How* 
ever  more  data  are  needed  to  confirm  these  conclu- 
sions. 

The  UAI  Collaboration  have  in  addition  to  five 
muonic  decays  of  the  Z°,  several  other  interesting  di- 
moon  events  which  may  indicate  evidence  for  heavy 
flavour  semMeptonic  decay.  The  moat  intriguing, 
shown  in  Fig.  3,  has  two  lone  muons  with  the  same 
charge  having  large  transverse  momenta. 

Radiative  decays  of  the  2?  0  —  tr^,  I*  being 
an  electron  or  a  moon)  have  been  observed  both  by 
UAI  and  UA2.  Their  observation  has  triggered  much 
interest  since  their  yield  seemed  larger  than  that  ex- 
pected from  inner  brrmsstrahmng  processes. 

Another  intriguing  result  comes  from  t*c  UA2 
Collaboration  which  have  found  three  mumected 
events  out  of  a  sample  of  190  events  containing  an 
electron  candidate.  In  these  possibly  anomalous  events 
a  system  of  jets  and  an  electron  are  observed  in  as- 
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soaatton  with  a  large  missing  transverse  momentum. 
These  events  are  consistent  with  the  production  of 
massive  er  pairs  associated  with  jets  of  large  transver- 
se energy.  A  possible  interpretation  is  the  associated 
prod  uction  of  W  and  jets. 


Jet  prodactioa 

Co'hder  data  are  a  rich  source  of  final  states  con- 
taining hadron  jets  from  quark-quark,  quark-gluon 
and  gluon-gluon  scattering.  Their  analysis  has  given  a 
number  of  interesting  results  which  have  contributed 
to  our  understanding  of  QCD.  They  concern  the  pro- 
ton structure  functions,  the  nature  of  the  parton- 
partcn  interaction  and  the  fragmentation  properties  of 
hadron  jets.  An  example,  from  the  UA2  Collabora- 
tion, of  the  agreement  between  QCD-based  calcula- 
tions and  the  inclusive  cross  section  both  for  jets  and 
»0,s  is  given  in  Fig.  4. 


Elastic  scattering  and  total 
cross  section 

The  Amsterdam  -  CERN  -  Genoa  -  Naples  -  Pisa 
Collaboration  (UA4),  have  analyzed  the  data  on  elast- 
ic pp  scattering  and  total  cross  sections  collected  dur- 
ing the  1983  special  high-/}  run.  The  data  show  a 
change  m  slope  of  the  elastic  scattering  t-distnbution 
around  |t|  »  0.14  GeV*  (Fig.  5).  The  total  pp  cross 
section  at  vT  ■  546  GeV  is  61.9  ±  1.5  mb,  i.e.  -  50Vo 
higher  than  that  found  at  the  ISR.  This  rise  is  consis- 
tent with  a  (log  s)1  behaviour  which  is  the  fastest  ener- 
gy dependence  allowed  by  general  principles.  The  ratio 
of  elastic  to  total  cross  section  is  also  significantly  lar- 
ger than  at  ISR  energies.  These  observations  indicate 
that  at  collider  energies  the  proton  has  a  larger  size 
than  at  ISR  energies  and  is  more  absorbing  in  the  cen- 
tra! core. 


Streamer  chamber  studies 

The  Bonn  -  Brussels  (Free  University)  -  Cam- 
bridge -  CERN  -  Stockholm  Collaboration  (UA5) 
continue  the  study  of  inelastic  pp  interactions  using  a 
large  streamer  chamber.  They  have  studied  the  pro- 
duction of  charged  and  neutral  kaons  and  made  a 
detailed  study  of  charged  particle  multir'  ities.  The 
cascade  decay  S"  -  A°»".  followed  by  A°  —  p»~, 
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Figure  5 — Differtntkd  cross  section  of  protorMnttproiom  elastic      Figure  tf— An  exempt*  of  the  cascade  decay  Z"  -*  At*.  A  «•  pa"  as 
scattering  atSt  -  546  GeV  The  fines  drawn  are  the  mutts  of  sit* pie      observed  in  the  UAS  streamer  chamber 
exponential  fas  expfbt)  (UA4) 


has  been  observed  for  the  first  time  at  the  Collider;  an 
example  of  such  an  event  is  shown  in  Fig.  6.  It  is  sur- 
prising that  the  observed  ratio  EVA*  (for  dt  > 
1  GeV/c)  is  substantially  larger  than  at  ISR  energies. 


ISR  Programme 
pp  and  pp  Interactions 

This  year  saw  the  last  operation  of  the  ISR.  From 
now,  therefore,  the  ISR  Programme  will  consist  of  the 
analysis  of  the  data  already  acquired. 

The  CERN  -  Michigan  State  -  Oxford  -  Rocke- 
feller Collaboration  (Rl  10)  have  measured  the  cross 
section  for  the  production  of  e*e~  pairs  with  masses 
above  the  T  mass  at  vT  «  62.3  GeV  (Fig.  7).  The  data 
are  consistent  with  the  scaling  hypothesis  when  com- 
pared with  lower  v7data.  The  large  observed  values  of 
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the  transverse  momentum  of  the  pairs  ((pr)  »  2.50  ± 
0.25  GeV/c)  indicate  contributions  from  higher  order 
diagrams  other  than  the  DreU-Yan  mechanism. 

The  same  collaboration  present  evidence  for  the 
jet-like  nature  of  most  event*  with  high  transverse 
energy  produced  in  pp  collision  at  */s  -  62. 3  GeV. 

The  Annecy  -  CERN  -  Dorunund  -  Heidelberg  - 
Paris  (CdF)  -  Warsaw  Collaboration  (R416)  and  the 
Ames  Lab.  -  Bologna  -  CERN  -  Dortmund  -  Heidel- 
berg -  Warsaw  Collaboration  (R419),  using  the  Split 
Field  Magnet  (SFM),  have  continual  their  study  cf 
deep  inelastic  events  and  comparison  with  parton  hard 
scattering  and  fragmentation  models.  They  give  evi- 
dence that  the  fragmentation  of  scattered  quarks  is 
mainly  responsible  for  the  production  of  x*  and  K* 
at  high  transverse  momenta  while  the  production  of 
K" ,  which  do  not  have  any  valence  quark  in  common 
with  the  colliding  protons,  is  due  to  the  fragmentation 
of  scattered  ghiotiS.  A  large  relative  vicW  of  high  pr 
protons  is  observed  which  is  interpreted  as  the  result 
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Ftp**  7—  The cross  section  for  t*t  petrsobon  the  T  et  VF  -  63  3 
CtVfrom  RUO  compered  to  ,  ermUeo  results 
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of  the  hard  scattering  of  diquarks  and  of  their  frag' 
mentation  into  protons  (Flf.  8). 

The  Brookhaven  -  Cambridge  -  CERN  -  Copen- 
hagen (NB I) -London  (QMQ -Liind- Pennsylvania - 
Pittsburgh  -  Rutherford  -  TC  Aviv  Collaboration 
(R807),  using  the  Axial  Field  Spectrometer  (AFS)  have 
continued  the  study  of  production  and  fragmentation 
of  jets,  which  have  been  shown  to  dominate  the  event 
structure  for  sufficiently  high  transverse  energies. 
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F\t*rtlO—T\tntk>Qjt*/t'  «  « function  oj  pj,  Abo  tbown  art  c*i- 
c*ht*  cxminbrtkmt  to  tt*  tif^  fwm  tmown  tcmrcm  (R$C») 

Flpn  ll—t?K*i*  mmt  tptctrmmfrjm  tht  (malmtj)  diffrocttvt  rmc 
tiompp  ->  ppX*K*t*.  CUm  jfe*«tr  mrt  prtatxl  i*  tkt  D(I2S3)  and  in 
tkt  E/k>tm  rttkmt  (*606). 


An  attempt  has  also  been  made  to  measure  the 
ratio  between  the  abundances  of  two  and  three-jet 
events  and  hence  the  strength  of  the  QCD  coupling 
which  is  estimated  to  be  a,  «  0.17  ±  0.02  ±  0.0S. 

Another  AFS  Experiment,  by  the  Athens-Bonn- 
Brookhaven  -  CERN  -  Moscow  (LPI+  EPI)  -  Novo- 
sibirsk -  Pisa  Collaboration  (RftOft),  have  presented 
data  on  direct  photon  production  in  pp  and  pp  colli- 
sions. A  significant  prompt  photon  signal  is  observed 
in  the  pr  region  between  3-6  OeV/c  (Fig.  9).  The  same 
Collaboration  have  also  studied  the  inclusive  produc- 
tion of  electrons  down  to  100  MeV/c  transverse  mo- 
mentum. An  excess  of  low  pr  electrons  is  observed 
(Fig.  10),  which  is  not  explained  by  known  processes. 

The  CERN  -  Clermont-Ferrand  -  Saday  -  UCI-A 
Collaboration  (R60T.  are  studying  the  K°K*rv  sys- 
tem produced  in  the  reaction  pp  -»  pp  K°K*«**.  Two 
clear  peaks  (Fig.  11)  are  observed  at  the  D(1285)  mass 
and  in  the  E/iota  (1430)  mass  region-  A  spin  parity  an- 
alysis is  being  performed  to  find  out  whether  the  sig- 
nal in  the  E/iota  region  is  due  to  the  E  meson  (J*  - 
1*),  which  is  considered  to  be  a  qq  state,  or  to  the 
Jf  -  0"  gluonium  candidate  observed  in  pp"  anni- 
hilation and  in  the  radiative  decay  of  the  J/f.  Other 
results  obtained  by  the  Collaboration  are  a  compari- 
son cf  elastic  scattering  cross  sections  in  pp  and  pp 
reactions,  and  a  determination  of  the  inclusive  A°  po- 
larization. 

The  CERN  -  Naples  -  Pisa  -  Stony  Brook  Colla- 
boration (R210)  have  completed  the  analysis  of  the 
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total  crow  section  dau  for  pp  and  pp"  at  v7  -  30.6, 
52.8  and  62.7  GcV.  A  simultaneous  fit  of  pp  and  op 
dau  indicates  a  0og  if  behaviour  of  the  two  cross- 
•jctions. 

The  Bologna  -  CERN  -  Frascati  Coliaboration 
(R421),  using  the  SFM  continue  the  study  of  low  pr 
multipartide  final  states  in  pp  reactions,  using  the 
method  of  removing  leading  protons  to  define  the  ef- 
fective energy  available  for  particle  production.  The 
charged  partide  multiptidty  distributions  at  1SR 
energies  are  found  to  scale  with  the  effective  energy.  A 
comparison  with  eV  dau  shows  that  the  multiplicity 
distribution  measured  in  e*e~  interactions  is  narrower. 
Extrapolation  to  collider  energies  gives  good  agree- 
ment with  the  charged  multiplicities  measured  by 
UA5.  The  same  collaboration  is  now  processing  the 
dau  from  Experiment  R422  to  study  the  associated 
production  of  heavy  flavour  states  using  the  SFM. 

The  Annecy  -  CERN  -  Genoa  -  Lyon  -  Oslo  - 
Rome  -  Turin  Coliaboration  (R704)  are  studying  the 


formation  of  charmonium  states  in  the  collision  of 
antiprotons  with  a  hydrogen-gas  jet  target  in  the  ISR 
ring.  The  experiment  has  detected  the  radiative  decay 
of  the  charmonium  states  xi.  Xx*  (Hg.  12)  and  «, 
formed  in  the  pp  collision  and  has  made  a  search  for 
the  yet  unobserved  JP|  (S  -  0,  L  -  1)  charmonium 
state.  The  analysis  of  these  dau  is  in  progress. 


light  tea  ln*sfaetl*NM 

The  analysis  of  dau  from  the  past  ct-a,  d-d  and 
p-a  rum  ii  being  carried  out  by  several  collaborations. 

The  BNL  -  CERN  -  Michigan  State  -  Oxford  - 
Rockefeller  Collaboration  (Rl  10)  have  measured  the 
total  neutral  energy  spectra  in  the  central  region  of 
our,  dd  and  pp  interactions  at  vTnn  •  31  GcV.  The 
shape  cf  the  aa  spectrum  up  to  17  OeV  is  explained  by 
representing  an  aa  collision  as  a  superposition  of  four 
independent  nudeon-nudeon  collisions.  Beyond  17 
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GcV  the  spectrum  is  even  flatter  than  in  this  extreme 
model,  indicating  a  'nuclear  enhancement'  effect. 

The  Ames  Lab.  -  Bologna  -  CERN  -  Dortmund  - 
Heidelberg  -  LB  I  -  Lund  •■  Warsaw  Collaboration 
(R418)  are  analyzing  the  longitudinal  momentum  dis- 
tribution of  leading  protons  in  aa  and  dd  collisions,  as 
well  as  the  correlation  between  the  yields  of  spectator 
protons  and  the  nature  of  high  pr  particles. 

The  R807  Collaboration  have  measured  the  aa 
elastic  scattering  cross  section  (Fig.  13).  A  dear  mini- 
mum is  seen  due  to  the  interference  between  single  and 
double  scattering  amplitudes. 


SPS  Programme 
Maoa  beam  experiments 

The  Bologna  -  CERN  -  Dubna  -  Munich  ■«  Saday 
Collaboration  (NA4)  have  analyzed  their  earlier  mea- 
surements of  the  cross  section  asymmetry  in 
deep  inelastic  muon-carbon  scattering  in  terms  of  a 
new  structure  function  xGj(x)  (x  m  Bjorken  scaling 
variable).  This  'interference  structure  function'  is 
sensitive  to  both  the  electromagnetic  and  the  weak 
charges  of  the  quarks.  The  standard  model  and  the 
quark  parton  model  predict  for  the  valence  quark 
regime  (x  >  0.2)  and  for  an  isoscalar  target  a  constant 
ratio  xGj(x)/Fj(x)  -  9/5,  where  Fj  is  the  conventional 
electromagnetic  structure  function  of  the  nucleon.  The 
experimental  result  is  in  good  agreement  w*ih  this 
prediction  (Fig.  14).  In  addition,  the  EMC  ehect  has 
been  studied  for  iron  and  nitrogen  nudd  at  high  Q2. 
Preliminary  results  are  in  good  agreement  with  the 
EMC  results  and  with  recent  SLAC  data  at  small  Q2. 

The  European  Muon  Collaboration  (EMC), 
Aachen  -  Annecy  -  CERN  -  Freiburg  -  Hamburg  - 
Heidelberg- Kiel  -  Lancaster  -  Liverpool  -Marseilles - 
Mons  -  Oxford  -  Rutherford  -  Shcffidd  -  Turin  - 
Uppsala  -  Warsaw  -  Wuppertal  -  Yale,  have  continu- 
ed the  study  of  nuclear  effects  in  muon  collisions.  The 
yields  of  secondary  particles  fron.  carbon  and  copper 
targets  are  found  to  be  remarkably  similar  to  those 
from  fice  protons;  this  result  is  consistent  with  a 
quark  fragmentation  length  larger  than  the  nudear 
radii  and  a  low  quark*  nucleon  scattering  cross  sec- 
tion. The  stu3j*  of  J/^  production  from  iron  and 
hydrogen  targets  shows  instead  that  the  single  nudeon 
cross  section  in  iron  is  larger  than  in  hydrogen 
(Fig.  15).  This  may  indicate  that  the  soft  gluon  density 
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per  nudeon  in  iron  U  larger  than  that  in  hydrogen 
since  the  J/f  yield  b  thought  to  be  proportional  to  the 
gtuon  density  in  the  target.  In  addition,  new  results 
have  been  obtained  on  the  production  of  forward  pro- 
tons and  tntiprotooj  in  muon-nudeon  scattering  and 
several  studies  of  quark  and  diquait  fragmentation 
have  been  made. 


The  CHARM  Collaboration,  CERN- Hamburg- 
Amsterdam  -  Rome  -  Moscow  (WA18),  have  made  a 
new  measurement  of  the  cross  section*  for  *  and  * 
scattering  on  electrons.  The  final  value  of  sin2**  ob- 
tained in  these  purely  leptonk  processes  is  sin2!*  - 
0.215  ±  0.032  (stat)  ±  0.012  (syst).  The  values  ob- 
tained for  the  neutral  current  couplings  gX  and  gv  are 
shown  in  Fig.  16  together  with  limits  obtained  from 
other  experiments  which  select  the  unique  solution 

$X  -  -0.54  ±  0.05  (stat)  ±  0.06 (syst), 

gv-  -0.08  ±0.07  (stat)  ±  0.03  (syst). 

A  value  gX-  - 1/2  is  predicted  by  the  standard 
model,  in  agreement  with  the  experiment.  The 
CHARM  II  Collaboration,  Brussels  IIHE  -  CERN  - 
Hamburg  -  Moscow  -  Naples  -  Rome,  are  preparing  a 
new  detector  to  repeat  these  measurements  with  higher 
precision. 

The  CHARM  Collaboration  have  also  studied  the 
nudeon  longitudinal  structure  function  FL  in  charged 
current  w  and  r  interactions.  The  results  show  a  dear 
deviation  from  the  CaHan-Orots  relation,  interpreted 
as  being  due  to  the  finite  transverse  momenta  of  par- 
tons  in  the  nudeoa. 

The  CDHS  Collaboration,  CERN  -  Dortmund  - 
Heidelberg  -  Saday  -  Warsaw,  are  analyzing  the  high 
statistics  exposures  of  the  WAI  apparatus  to  *  and  * 
narrowband  and  wideband  beams  which  resulted  in 
-  10*  recorded  neutrino  interactions.  The  WAI/2 
Experiment  took  data  during  1964  in  a  high-flux  ver- 
sion of  the  narrowband  beam.  The  data  are  being  ana- 
lyzed and  the  measurement  of  the  neutral  to  charged 
current  ratio  should  give  a  value  of  sin2**  with  an  ex- 
perimental precision  of  ±0.005,  similar  to  the  preci- 
sion aimed  at  by  the  CHARM  II  Collaboration.  This 
precision,  in  exjunction  with  the  value  of  sin2**  ob- 
tained from  the  Z*  mass,  should  give  a  meaningful  test 
of  the  higher-order  electro*  cak  radiative  correction. 
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Beta  dajac  •zptrimmtz 

The  analysis  of  data  from  the  1932  CERN  ex- 
periments, to  investigate  the  properties  of  neutrinos 
produced  by  400  GeV  protons  hittlag  massive  copper 
beam  dumps,  continues.  The  CDHS  Collaboration 
(WA68)  five  n  rati;  ot  prompt  %  to  prompt  *  of 
0.88  l  0.17,  which  is  owwistent  with  r*  and  %  pro- 
duction betas  equd  as  rxpected  i;  thcry  come  from 
semikptonSc  deays  of  charmed  partick*  produced  in 
th«d"<np. 

^  dc  /caches  -  Atbras  -  Eann  -  CERN  -  London 
(IO  -  Munich  (M?I)  -  Oxford  -  Saday  -  Stockholm 
Collaboration  0&'A66)  are  tefinmg  <he  sn&lytts  of 
tUir  bet1?  dump  experimmt  wLich  u!cd  BEBC  as  a 
neutrino  (f  sector.  Prompt  muon  and  electron  event 
rates  are  compatible  with  *»eing  equal.  A  small  ratio 
(0.21  i  O.OSjofe*  toe'  event  rates  is  obisrvul  indi- 
cating a  diif  nice  between  the  *  and  *  fluxes;  this 
asymmetry  i*  in  erpreted  as  a  c  Otixcueoce  of  the  fact 
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that  charmed  baryons,  ginng  *,  have  a  larger  momen- 
tum than  the  associated  charmed  meson  giving  * . 

The  same  Collaboration  have  made  a  search  for 
the  decay  of  heavy  neutrinos  into  n~e*  From  the 
absence  of  low  mass  two-prong  events  indicant  such 
decay,  limits  have  been  obtained  on  their  mixing  with 
mucn-neuttinos  (Fig.  17). 

The  other  BEBC  Experiments  WA21,  Birming- 
ham -  Bonn  -  CERN  -  Loouc::  (IC  +  UQ  -  Munich 
(MPI)  -  Oxford  CcOUboratioo,  WA25,  Amsterdam  - 
Benen  -  Boiogna  -  Padua  -  Pisa  -  Saday  -  Turin  Cot- 
labor*  ion  and  WA59,  Athens  -  Bari  -  Birmingham  - 
Brussels  -  CERN  -  Jxmdon  (IC+UQ  -  Munich 
(MPI)  -  Oxford  -  Pa&seau  -  Rutherford  -  Saday 
CoUaboratioo,  arc  continuing  Che  data  analysis  to  stu- 
dy structure  functions  txA  neutral  current  processes. 


Search  foe  fractionary  etarya  patttdss 

The  CHARM  Collaboration  have  performed  a 
new  search  for  charge  1/3  and  2/3  particles  produced 
in  protcn-nucleus  and  ncutrino-nuckus  collisions. 
They  give  limits  of  a  fe«r  times  10" 5  per  neutrino  inter- 
actions and  IO"4*  cm2  for  protcn-nudeus  interactions. 

The  Bologna  (Univ.  +  INFN)  -  CERN-Frascati- 
Rome  Collaboration  (WA44)  are  analyzing  data  from 
a  search  for  quarts  produced  in  high-energy  neutrino 
mteracrJoRs.  The  search  is  based  on  the  measurement 
of  the  track  ionization  in  an  avalanche  chamber.  Ex- 
tensive studies  are  being  made  of  all  sources  of  system- 
atic effects  which  ccuM  simulate  low  ionizing  tracks  in 
tbdr  apparatus. 


Piosnft  *>^oa  ami  raaoa  yaw  prodtctioa 

Single  photons  with  ,'srge  transverse  momenta  are 
expected  to  be  prc&iced  mainly  via  QCO  Compton 
(quark  +  gluon  -*  quark  +  photon)  and  rjioih  nation 
(quark  +  antiquark  gluoc  *  photon)  processes.  In 
particular,  thccTvWS  secuos  difference 

c<s--N  -*  y  +  X)  -  oO'N  -  y  +  X) 

is  determined  oy  the  contribution  of  the  annihilation 
graph  only.  Preliminary  results  obtained  by  the  Bari  - 
Frdburg  -  Moscow  (TTEP)  -  Munich  t,MPI)  Colla- 
boration (NA24)  from  300  GeV/c  *"p,  **p,  and  pp 
interactions  (Ftj.  18)  tonn  to  indicate  some  discrep- 
eocr  with  the  QCO  prtdkttous. 
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Another  prompt  photon  experiment  is  being  car- 
ried out  by  the  Geneva  -  Glasgow  -  Liverpool-  Milan  - 
NeuchAtel  Collaboration  (WA70)  using  a  fine-grained 
sampling  photon  calorimeter  covering  a  large  solid  an- 
gle and  the  0*  magnetic  spectrometer.  The  calorimeter 
is  based  on  a  new  technique  using  liquid  scintillators 
contained  in  teflon  tubes,  which  behave  as  optical 
fibers.  The  data  acquisition  has  started  and  the  ana- 
lysts is  in  progress. 

The  Athens  -  CERN  -  London  (IQ  -  Orsay 
(LAL)  -  Palaiseau  (EP)  -  Piris  (CdF)  -  Saclay  (CEN 
DPhPE  +  DPhN)  -  Southampton  -  Strasbourg  -  War- 
saw Collaboration  (NAM)  are  studying  high  pr  pho- 
ton production  using  an  incident  photon  beam.  The 
data  processing  is  nearly  completed.  A  dear  excess  of 
prompt  photons  is  observed  at  transverse  momenta 
>  2.5  GeV/c  which  is  interpreted  in  terms  of  QED 
quark-photon  scattering  with  appropriate  QCD  cor- 
rections. 

Direct  production  of  soft  photons  in  hadronic 
processes  is  instead  expected  to  be  due  to  QED 
bremsstrahlung  processes  associated  to  the  production 
of  charged  hadrons.  The  CERN  -  Brussels  -  Mons  - 
Nijmegen  -  Serpukhov  Collaboration  (WA27)  inveti- 
gatcd  the  production  of  soft  gamma  production  .n 
K*  p  interactions  at  70  GeV/c  in  BEBC.  An  excess  of 
gammas  is  found  at  low  pr  (<  60  MeV/c)  which  is  not 
accounted  for  by  radiative  decay  of  hadrons  neither  by 
the  expected  QED  bremsstrahlung  and  may  indicate 
the  existence  of  other,  as  yet  unknown,  sources  of  soft 
photons. 

Muon  pair  production  by  incident  hadrons  is  an 
important  testing  ground  of  QCD.  The  CERN  -  Orsa> 
(LAL)  -  Palaiseau  (EP)  -  Paris  (CdF)  -  Pisa  -  Saclay 
Collaboration  (NA3)  have  presented  an  analysis  of 
30000  high  mass  dimuons  (M„  >  4.5  GeV/c2).  They 
determine  the  K  factor  (o  experi mental/o  predicted  in 
the  leading  log  approximation)  for  different  values  of 
the  Feynmanx  and  of  the  mass  of  the  pair. 

The  CERN  -  Naples  -  Palaiseau  (EP)  -  Stras- 
bourg -  Zurich  (ETH)  Collaboration  (NA10,  fcuve 
presented  results  from  their  L-*  Ovv/c  t~  run  A 
study  of  the  Drell-Yan  continuum  i  novates  an  ur> 
expected  scaling  violation  for  muon  pair  masses  above 
the  T  Data  taking  is  continuing  in  order  to  under- 
stand the  nature  of  this  violation.  In  addition  evidence 
has  been  obtaineu  that  C<~D  •'Jgher  twist  effects  are 
needed  to  describe  the  angular  J»stnbu  jon  of  the  n V" 
contmuu-n.  Finally,  a  study  of  a  sample  of  2000  T 
events  sIjo  « that  their  xF  and  pT  distributions  are  si- 
milar to  those  if  Drell-Yan  pairs 


ol — i  i  i 

3  *  5  6  7  tM(GeWe) 

 1  I  1  » 

03  04  OS  0  6  Xt 


Heavy  flavours 

An  extensive  program  is  being  carried  on  to  study 
the  production  and  decay  of  hadrons  carrying  charm 
and  beauty. 

The  Aachen  -  Brussels  -  Bombay  -  CERN- 
Duke-Genoa-Japan  -  Liverpool  -  Madrid  -  Mons- 
Oxford  -  Padua  -  Paris  (CdF+  Paris  VI)  -  Rome  - 
Rutgers  -  Rutherford  -  Serpukhov  -  Stockholm  - 
Strasbourg  -  Tennessee  -  Turin  -  Trieste  -  Vienna  - 
Zeutn^r.  Collaboration  (NA27)  using  the  LEBC-EHS 
set  up  have  completed  the  data  acquisition  phase  of 
their  experiment.  Fin*!  results  have  been  obtained  on 
the  D°  and  D*  lifeti  le.  branching  ratios  and  cross 
sections.  The  lifetime  \  Mucs  are 

Trf  -  3.5!??  x  10-"$, 

td-  *  I0.i:|j  x  10"  "s 
and  confirm  the  previous  findings  that  D°  and  h  do 
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not  have  the  same  lifetime.  Results  have  also  been  ob- 
tained on  charm-charm  correlations,  allowing  a  test  of 
various  models  of  hadronic  charm  production.  While 
the  bulk  of  the  data  can  be  interpreted  in  terms  of  cen- 
tral production,  a  dear  leading  particle  effect  is  ob- 
served. This  last  effect  is  not  fully  understood  in  terms 
of  QCD-baaed  models. 

The  ACCMOR  Collaboration,  Amsterdam  - 
Bristol  -  CERN  -  Cracow  -  Munich  (MPI)  - 


Rutherford  (NA3?),  are  pursuing  a  systematic  study 
of  charm  production  and  decay  in  hadronk  interac- 
tions using  the  ACCMOR  spectrometer  and  a  Ugh  re- 
sotutioo  Si  a-strip  *t*te»  detector.  Is  19M  the  physics 
go*l  was  to  collect  a  high  statistics  aampk  of  charted 
and  neutral  D-racsocs,  to  study  their  production  with 
different  incoming  particles  (»" ,  K" ,  p),  sad  to  deter- 
mine their  Mfcthne  with  a  precision  of  better  than 
10%.  So  far  a  small  sample  of  data  has  been  analysed 
yielding  30  fully  reconstructed  D*  and  D*  decays  in 
the  decay  modes  (Fig.  19).  A  previous  dV 

ta  sample,  obtained  by  triggering  in  pact  on  evmesons 
-  d  in  part  on  semi  leptonfc  charm  decays,  has  been 
analysed  yielding  25  Cabibbo  suppressed  D*  K+K" 
r*  decays  and  a  few  Ac -*paty  candidates. 

The  Bristol  -  Geneva  -  Heidelberg  -  Lausanne  - 
London  (QMQ  -  Rutherford  Collaboration  (WA42 
and  WA67)  continue  the  analysis  of  data  collected  in 
the  SPS  hypcron  beam  up  to  1962.  The  lifetime  of  the 
charmed  strange  hypcron  A*  observed  for  the  first 
time  in  this  experiment  (Fig.  20)  has  been  determined 
to  be 

rA*  -4.S*?Jx  10-,,s. 

The  same  collaboration  have  obtained  first  evi- 
dence for  the  1*  baryon  in  the  decay  to  E"K"»*»* 
with  a  mass  of  (2740  ±  25)MeV/c*. 

The  NA14  Collaboration  are  preparing  and  test- 
ing an  experiment  to  study  the  phot  opf eduction  of 


120 

> 

I  so 

a 

L 

S* 

f\ 

i  j  

0 

2000 

2XO  WOO 
Effective  nut  (McV/c*) 

40 


0 

ERIC 


628 


624 


heavy  flavours  wing  the  NAM  spectrometer  and  a  Si 
p-strip  vertex  detector. 

The  Bonn  -  CERN  -  Lancaster  -  Manchester  - 
Rutherford-  Sheffield  Collaboration  (WA69)  are  stu- 
dying the  pbotoproductioo  of  high  mass  states  frag- 
menting into  muhipartide  final  states.  They  use  the 
0'  spectrometer,  Hi  downstream  electromagnetic 
calorimeter  (built  by  WA70)  and  a  Ring  Imaging 
CHerenkov  (RICH)  detector  built  by  the  British  part 
of  the  collaboration.  The  data  taking  and  the  analysis 
have  started. 

Two  collaborations  have  taken  dau  to  study  ha- 
droproduction  of  beauty  in  nuclear  emulsion.  The 
CERN  -  Genoa  -  Milan  -  Moscow  -  Paris  -  Rome  - 
Santander  -  Valencia  Collaboration  (WA7I)  use  the 
0'  spectrometer,  its  downstream  RICH  detector  and 
electromagnetic  calorimeter.  The  Ban  -  Brussels  - 
CERN  -  Dublin  -  Japan  -  London  (UC)  -  Rome  - 
Turin  Collaboration  (WA75),  use  a  downstream  muon 
detector.  Both  experiments  incorporate  a  Si  p-strip 
vertex  detector. 

Another  Collaboration,  Ban  -  Brussels  -  CERN  - 
London  (UQ  -  Rome  -  Turin  (WA7S),  have  started  a 
search  for  pairs  of  particles  carrying  beauty  by  dump- 
ing a  **  beam  on  a  target  calorimeter  and  detecting 
the  muon  signals  coming  from  the  b5  semileptonic 
decay  chain. 


Other  SPS  Experiments 

The  Athens  -  Ban  -  Birmingham  -  CERN  Colla- 
boration (WA76)  are  studying  the  mesons  produced  in 
the  central  rapidity  region  in  exclusive  reactions  whe- 
re, to  date,  little  data  exists.  One  aim  of  the  experi- 
ment u  to  look  for  the  so-called  glueball  ueon  states. 
The  experiment  was  performed  in  the  Q'  spectrometer, 
the  beam  being  composed  of  *"  and  protons  of 
85  OeV/c.  TV  channel  (*Vp)p  -  (*V  p)X*p,  X*  - 
KTr'  has  been  analyzed  in  detail.  The  KlK*T* 
mass  spectrum  (Fig.  21)  shows  two  peaks  at  mass  va- 
lues corresponding  to  the  D  and  E/kXa  mesons.  Ana- 
lysis of  the  spin-parity  of  the  states  showed  that  both 
have  )r  m  i*.  Thus,  if  the  J*  -  0'  value  found  for 
the  iota-meson  at  SLAC  in  the  reaction  i  -*  yiou  is 
confirmed,  it  appears  thse  exist  two  mesons  with  the 
same  decay  mode  and  similar  masses  but  different  spin 
parities. 

Both  D  and  E  states  have  also  been  observed 
(Tig.  22)  in  the  reaction  t'p  -  M*n,  M°  -  t*V  - 
6 1  at  100  GeV/c  by  the  Annecy  -  Belgium  -  Los  Ala- 
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mos  -  Serpukhov  Collaboration  (NAI2).  This  experi- 
ment makes  use  of  a  4000  ceG  Cerenkov  hodoscope 
(CAMS),  which  allows  the  measurement  of  the  mo- 
mentum vector  of  each  gamma  in  a  multi-gamma 
event.  The  spin  parity  •f?*rimfiit  Jr  »  1  ♦  seems  fa- 
voured for  the  peak  in  the  E/iota  region. 

The  Athens  -  Bari  -  Birmingham  -  CERN  -  Paris 
(Uni  VT+CdF)  Couaboration  (WA77),  using  the  0' 
Spectrometer,  have  started  a  search  for  iigh  pr  direct 
production  of  resonances  amongst  which  direct  pro- 
duction of  ghionium  states  can  be  expected. 

Another  0'  Experiment  (WA74),  by  the  CERN  - 
Lisbon  -  Neuchatd  -  Paris  VI  CoTJaboratioo,  has 
studied  the  forward  inclusive  production  of  A*s  in 
K"p  mf  fractions  at  12  and  16  OeV/c.  In  the  forward 
direction,  the  A9  polarization  is  found  to  be  large  and 
to  have  a  strong  pr  dependence. 

The  Annecy  -  CERN  -  Copenhagen  (NBI)  - 
Genoa  -  London  (UC)  -  Oslo  Collaboration  (WA7), 
using  a  two-arm  spectrometer,  have  measured  elastic 

41 


629 


625 


.  »*V*  lOOOtY/c  (SAID  CW  ttgmb  *r*  p*m**  * 


ftfwv  21— <4*SW<w  ^W)i 


Kf  «  MB 

mSJmwilki  cram  mcttom  tt  30  mi 


IJOO      1400  1500 


differential  cross  icctkms  of  r*p,  K*p,  pp"  and  pp 
scattering  at  incident  momenta  of  20,  30  and 
50  GeV/c  to  the  momentum  transfer  range  0.5  <  W  < 
8  GeV*.  An  unexpected  dip-bump  structure  is  ob- 
served in  the  pp  clastic  differential  cross-section  at  30 
and  50  GcV  (Fig.  23).  The  dip  and  its  observed  dis- 
placement with  energy  provide  a  challenge  to  theoreti- 
cal models. 

The  CERN  -  Frascati  -  London  (West/.  Coll.)  - 
Milan  -  Pisa  -  Southampton  -  Turin  -  Trieste  Colla- 
boration (NA7)  are  completing  the  analysis  of  the  data 
taken  at  the  FRAMM  spectrometer,  to  study  the  dec- 
tr  ©magnetic  form  factor  of  the  pion.  The  data  in  the 
space-like  region  are  fitted  by  a  pole  form  with  a  pioo 
radius  (r2)"  -  0.657  ±  0.012  fm.  The  analysis  of  data 
on  the  kaon  form  factor  has  started. 

Another  Collaboration  using  the  FRAMM  spec- 
trometer. laermont-Ferrand- Frascati -Milan  -  Pisa* 
Turin  -  Trieste  -  London  (Westf .  CoH.)J  (NA29).  are 
at  present  completing  the  analysii  of  *~t*  production 
via  Primakoff  effect  on  uudd. 

Two  collaborations  using  the  European  Hybrid 
Spectrometer  (EHS),  namely  the  Aachen  -  Berlin  - 
Brussels  -  Cracow  -  Erevan  -  Hdsiaki  -  Ni jmegen  - 
Rio  de  Janeiro  -  Serpukhov  -  Warsaw  Collaboration 
(NA22),  and  the  Bombay  -  CERN  -  Genoa  - 
Innsbruck  -  Japan  -  Madrid  -  Mons  -  Rutgers  -  Ser- 
pukhov -  Tennessee  -  Vienna  Collaboration  (NA33). 
are  analyzing  their  data  to  study  low  pr  hadronk  col- 
lisions. 
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The  Ames  Lab.  -  CERN  -  Chicago  -  Lund  - 
Paris  (Univ.  VI)  Collaboration  (NA30);«ve  completed 
their  precision  measurement  of  the  r°  lifetime  using  an 
arrangement  where  the  decay  gammas  are  converted 
in  a  thin  foil  at  variable  distance  from  a  thin  target  in 
which  x°'s  are  produced.  PrcJinunary  results  give  a  x° 
lifetime  r  -  (0.892  ±  0.02)  x  10"  "  s.  The  previous 
average  obtained  using  the  Primakoff  effect  is  r  » 
(0.83  ±  006)  x  10*'*$. 

The  Annecy  (LAPP)  -  Lyon  (IPN)  -  New-York 
(Albany  Univ.)  Collaboration  (NA33)  are  measuring 
the  e*e"  pair  production  cross-section  by  high  energy 
photons  incident  along  the  major  axial  direction  of  a 
germanium  crystal.  The  aim  b  to  look  for  the  recently 
predicted  'crystal-assisted  pair  creation'  which  should 
largely  exceed  the  Bethe-Heitler  process  rate  for  pho- 
ton energies  of  a  few  tens  of  GeV.  An  enhancement  of 
the  cross-secuon  was  found,  but  about  three  times 
smaller  than  foreseen  by  the  theory.  The  experiment 
will  continue  in  1985. 


Programme 
Neutrino  Pbyaks 

The  CHARM  Collaboration  (CERN-  lamburg- 
Amsterdam  -  Rome  -  Moscow,  PS  181)  have  now 
published  their  final  results  on  neutnno  oscillations. 


Flgvt  24—  TV  X>%  cw0*»u  tmkj  on  neiurixo  oxilhnkmt  otfem- 
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The  experiment  used  two  neutrino  detectors  placed  at 
123  m  and  903  m  from  the  neutrino  source  known  to 
provide  essentially  muon  neutrinos  (r,).  They  looked 
simultaneously  for  the  appearance  of  electron  neutri- 
nos (*«)  and  the  disappearance  of  An  upper  limit 
of  2.7%  (90%  C.L.)  was  obtained  for  the  fraction 
of  transformed  into  For  complete  mixing 
(sin2  IB  -  1)  this  gives  a  limit  Am1  s  0.20  eV2  and  a 
minimum  value  of  the  mixing  parameter  sin2  20  - 
0.04  at  Am*  -  2  eV2.  Oscillations  -  px,  where  px 
may  be  or  a  heavier  neutrino,  were  also  looked  for 
by  measuring  the  disappearance  oi  r/s  between  the 
two  detectors.  Assuming  complete  mixing,  the  limit 
Am2  s  0.29  eV2  has  been  obtained  at  the  90%  con- 
fidence level.  I:  is  worthwhile  recalling  the  results  al- 
ready reported  last  year  by  the  CDHS  Collaboration 
(CERN  -  Dortmund  -  Heidelberg  -  Saday  -  Warsaw- 
Washington  Collaboration,  PS  1 69)  which  looked  for 
U  oscillations  by  comparing  the  rates  of  p0 
charged -current  interactions  in  two  detectors  located 
at  130m  and  885  m  from  the  target.  At  the  90%  C.L. 
Am2  van*  between  0.26  and  90  eV2  were  excluded 
for  sin2  28  »  I  while  fixing  a  minimum  value  of 
sin2  20  «  0.053  at  Am2  »  2.5  eV2. 

The  complete  information  derived  from  the  two 
experiments  is  summarized  in  Fig.  24  together  with 
results  obtained  in  other  laboratories. 

The  Collaboration  of  Annecy  -  Athens  -  CERN  - 
Paris  -  Rome  (PS191)  searched  for  the  decay  of  heavy 
neutrinos  into  eV»,.  The  detector,  which  was 
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assembled  and  tested  just  before  the  run  in  the  first 
half  of  19S4,  is  a  simple  one.  It  consists  of  a  decay  vol- 
ume 12  m  long  an**  6  x3m1  surface  filled  with  helium 
in  which  seven  equally  spaced  planes  of  flash  tubes 
define  the  tracks  of  charged  particles.  It  is  followed  by 
an  electromagnetic  calorimeter— 7  radiation  lengths 
equivalent— composed  of  20  planes  of  flash  tubes 
between  each  of  which  6  mm  thick  Fc  plates  were  in- 
serted. A  scintillator  hodoscope,  placed  inside  the  ca- 
lorimeter after  the  first  two  radiation  lengths,  was 
used  as  trigger. 

It  is  estimated  that  about  10U  r's  passed  through 
the  detector.  No  decay  was  observed  and  it  can  be  esti- 
mated, see  Fig.  25,  that,  for  example,  the  coupling 
strength  measuring  the  overlap  between  a  heavy  neut- 
rino mass  between  100  and  400  MeV  and  a  or  rt 
neutrino  is  smaller  than  10"'and  10" '.respectively. 


LEAR  Experiments 

The  very  successful  operation  of  LEAR  and  the 
extensive  physics  runs  made  in  1984  at  different  p 
energies  have  allowed  many  of  the  experiments  started 
in  1983  to  accumulate  statistics  that.  althoi>£h  gene- 
rally still  far  from  those  estimated  necessary  to  accom- 
plish their  goals,  allow  them  to  study  in  detail  the 
performance  of  their  equipment  and  analysis  pro- 
grammes In  so  doing,  preliminary  results  on  the  more 


prominent  phenomena  occurring  have  been  obtained. 
They  are  summarized  in  the  following  paragraphs. 


X-rays 

X-rays  are  emitted  in  radiative  transitions  to  the 
lorest  states  of  antiprotonic  atoms  oreceding  pN  an- 
nihilation at  rest.  Their  yields  *nd  energies  provide  im- 
portant information  about  the  atomic  cascade  process 
and  the  strong  pN  interaction  at  threshold  which  broa- 
dens and  shifts  the  levels  with  respect  to  their  Q.E.D. 
values.  The  studies  require  gaseous  targets  since  the 
antiprotonic  atoms  formed  in  liquid  targets 
annihilate— due  to  coUisional  Stark  mixing— from 
high  nS  states  without  X-ray  emission.  The  very  high  p 
fluxes  now  availab"*  at  LEAR  compensate  the  poor 
stopping  power  of  f  $  targets. 

Two  experiments  have  thus  observed  for  the  first 
time  X-ray  transitions  to  the  Is  ground  state  of  the  pp 
atom. 

One.  CERN- Mainz- Munich -Orsay  (LAL)  - 
Vancouver- Victoria  -  Zurich  Collaboration  (PS171), 
stop  aniiprotons  in  a  hydrogen  target  located  inside  a 
large  magnetic  spectrometer.  The  target  is  surrounded 
by  a  cylindrical  projection  chamber  measuring  the 
energy  (precision  1100  eV  F.W.H.M.  at  5.5  kcV)  and 
the  conversion  point  of  the  X-rays  as  well  as  the  tracks 
of  charged  annihilation  products  The  X-ray  energy 
spectrum,  shown  in  Fig.  26,  has  been  obtained  in  a  6 
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hour  run  requiring  only  neutral  annihilation  products 
to  suppress  background  from  inner  bremsstrahlung 
L-series  X-r»ys  are  contained  in  the  large  peak  be- 
tween 1.4  and  3.6  keV,  while  the  K-series  appears  as  a 
broad  structure  between  8  and  11  keV.  The  relative 
yield  of  K  to  L X-rays  is  (2  ±  1)10"*  dueto  the  large 
annihilation  width  of  the  2p  level.  A  fit  based  on  two 
Russian  contributions  from  and  K#  lines  with  fix- 
ed Q.E.D.  separation  and  the  experimental  resolution 
gives  a  repute  shift  of  the  Is  level  AE( Is)  «  -0.5  ± 
0.3  keV.  The  total  L-series  yield  has  been  determined 
tobe0.13  ±  002  per  stopping  p  from  a  study  of  an- 
nihilations into  charged  particles. 

The  other  experiment,  a  Collaboration  of  Bir- 
mingham -  Rutherford  Appleton  Laboratory  -  Col- 
lege of  William  and  Mary  (U.S.A.)  -  N1KHEF  (Am- 
sterdam), (PS  174),  stop  p's  in  a  large  aluminium  flask 
containing  gas  at  atmospheric  pressure  and  main- 
tained at  temperatures  from  30  K  to  300  K.  The  X-rays 
are  detected  in  a  300  mm1  x  5  mm  SiLi  detector.  Al- 
though still  limited  by  statistics*  they  also  observe 
K-series  transitions  and  give  preliminary  values  for  the 
shift  and  width  of  the  Is  state:  AEu  »  -0.75  ±  0.19 
keV  and  Ti,  -  1.14  ±  0.24  keV,  respectively.  p*He 
spectra  were  used  to  test  and  calibrate  the  apparatus. 
As  a  by-product  strong  interaction  effects  were  mea- 
sured with  the  following  results:  AEap>  »  -7.4  ± 
3.5  eV,  Top)  -  35  ±  15  eV  and  r(M)  *  2.4  ±  0.5 
meV. 

X-ray  spectra  of  antiproSonic  atoms  and  y-nyt 
spectra  from  residual  nuclei  after  p  absorption  are 
bong  studied  by  the  Basel  -  Karlsruhe  -  Strasbourg  - 
Thessalonica  Collaboration  (PS  176).  The  spectra  of 
oxygen  isciopes  have  been  studied  to  disentangle  the 
p  n  from  the  pp  interactions.  The  cascade  is  observed 
to  stop  at  the  principal  quantum  number  n  ■  3,  where 
the  strong  interaction  effects  should  be  observed.  By 
comparing  the  displacement  and  width  of  the  line 
from  the  n  ■  4  to  the  n  «»  3  level  observed  in  ,70  and 

relative  to  those  observed  in  ,40,  the  zero  energy  p 
n  scattering  length  can  be  determined  under  simple  but 
reasonable  assumptions,  The  o -parameter  (ratio  of  the 
real  to  the  imaginary  part  of  the  forward  scattering 
amplitude)  deduced  from  it  is  found  to  be  q  -  -  0.73 
±  0.13,  a  value  which  present  theoretical  models 
would  indicate  to  correspond  to  the  existence  of  a 
bound  state  close  to  threshold. 

p  "*Pb  X-rays  have  also  been  studied  by  the  same 
Collaboration,  Fig.  27.  The  fine  structure  splitting  of 
the  lines  from  n  m  10  to  n  «  9  and  from  n  *  1 1  to 
n  «  10  have  been  measured:  2.2  keV  and  1,2  keV, 


nptrr  26—  The  X-ray  energy  spectrum  observed  by  experiment  PS] 7] 
from  antiproton-pcoto*  410ms  »Wc*  subsequently  annihUeted  mt  rest 
into  neutrel  pamcies  only.  Week  but  stintfkont  production  of  X-tines 
is  observed. 

Fitvre  27— The  X~rey  energy  spectrum  from  antiprotonk  mPb 
observed  W  experiment  PS!  76  The  fine  structure  of  the  tines  from 
transitions  from  the  (evei  with  principal  mmnium  number  n  -  10  to  n 
-  9  end  from  n  -  jjron  -  lObdeertyseen 
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r*  Momentum  (McV/c) 


Flgun  29  —  Vm  btdcgnrnd  JMtoacM*1  kickaht  momtnam  tpeantm 
of  w''t  obttmd  by  txpthmtM  PZltl  In  mtlproton-protom  outihil*- 
tkms  mt  rat,  Mtskks  strxmg  prvductiom  of  tkt  chtmnd  PP  - 
ImttcmtioHSfor pp  -  r%,  SAimdSErt  otoenwt 
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respectively.  From  these  values  a  determination  of  the 
p  magnetic  moment  is  being  calculated. 


Search  for  Narrow  Resources 

Potential  models  of  the  NN  interaction  and,  mo- 
re generally,  Q. CD. -inspired  models  predict  the  exist- 
ence of  resonances  other  than  the  classical  (qq)  ones. 
Different  experiments  at  LEAR  are  trarrfting  for 
them.  The  results  obtained  so  far  come  from  studies 
of  inclusive  reactions  where,  if  produced  in  quasi  two- 
body  reactions,  the  resonances  would  manifest  them- 
selves through  the  appearance  of  lines  in  the  momen- 
tum spectrum  of  the  recoiling  pions  (charged  or  neu- 
tral), 7-rtys  or  a  narrow  resonance  like  the  a  or  if'. 
Narrow  resonances  would  give  nearly  monochromatic 
lines  and  their  observation  in  inclusive  spectra  should 
be  favoured. 

The  Athens  -  U.C.  Irvine  -  New  Mexico  -  Penn- 
sylvania State  -  Temple  Collaboration  (PS  183)  have 
stopped  -  10 10  antiprotons  in  a  liquid  hydrogen  tar- 
get and  measured  the  momentum  spectrum  of  charged 
particles  entering  a  magnetic  spectrometer  placed  on 
one  side  of  the  target.  At  the  3*  level  no  evidence  was 
found  for  narrow  states  with  frequencies  greater  0  jd 
6x  10"4  per  pp  annihilation. 

The  CERN  -  Mainz  -  Munich  -  Orsay  (LAL)  - 
Vancouver  -  Victoria  -  Zurich  Collaboration  (PS171), 
using  a  spectrometer  covering  a  solid  angle  of 
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-  0.6  x  4*  around  a  hydrogen  gas  target,  have  ex- 
amined the  spectrum  of  ~  7  x  105  charged  pions 
coming  from  events  fully  reconstructed  in  the  target. 
At  the  5a  level  they  set  an  upper  limit  of  2  x  10' 1  per 
annihilation  for  the  production  of  narrow  states  in  the 
mass  range  1100  to  1670  MeV.  Contrary  to  other  ex- 
periments, the  large  solid  angle  covered  by  the  spec- 
trometer of  this  Collaboration  allows  the  study  of 
many  completely  determined  annihilation  channels. 
Analyses  now  in  progress  are  extending  the  search  for 
resonances  to  multibody  final  states.  Detection  of 
Kg  -» iV  decays  in  pp  -  KSKS  and  K&Cfc  aimihila- 
lions  and,  through  the  ux  of  dE/dx  information  pro- 
vided by  the  X-ray  detector,  of  reactions  like  pp  — 
K*K"  t*t"  have  been  reported.  Channels  containing 
KR  pairs  as  well  as  pions  are  thus  becoming  available 
for  investigation. 

PS182  (Basel  -  Stockholm  -  Thessalonica  Colla- 
boration) is  designed  to  measure  the  energy  of  y't, 
x°'s  and  V  produced  in  pp  annihilations  at  rest  in 
liquid  hydrogen.  The  apparatus  consists  of  one  lead- 
glass  matrix  covering  an  azimuthal  angle  of  ISO*  and 
two  small  BGO  systems  that  can  be  rotated  around  the 
target  relative  to  each  other  and  to  the  lead-glass  wall. 
The  analysis  of  the  single  yenergy  is  still  in  progress. 
The  reconstructed  r°  momentum  spectrum  shows. 
Fig.  28,  a  strong  contribution  of  the  channel  pp  —  r 
+  (o  and  <•>)  and  indications  for  the  existence  of  an- 
nihilation channels:  pp  -»  *°Aj  and  *°E.  The  a 
momentum  spectrum  shows  strong  production  of  the 
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Figure  29  —  Vahmofthe  o  parameter  (ratio  of  the  net  to  the  imagin- 
ary part  of  the  forward  ontiproton-proton  scattering  amplitude) 
mr*.  by  Experiment  PS1  7)  (black  dots)  together  with  those  obtained  in 
other  experiments 


Figure  SO—Momentum  distributions  obtained  with  t  fritter  requiring 
two  hadrons  (left)  Or  two  electrons  (right)  in  the  detector  of  Experiment 
PS170  The  top  histograms  show  the  row  data  while  for  those  at  the 
bottom  a  colHnearity  cut  has  been  appbed 


2 
-  04 


it 


01       02       0  3       04       0  5       06       07  0* 
Beam  momentum  (OV/c) 


channel  pp  -  >?  +  (q  and  w)  with  a  strength  (~  3% 
per  annihilation)  which,  surprisingly,  is  about  the 
same  as  that  of  the  equivalent  t°  channel 


Cross-section  Measurements 

Experiment  PS173  [Max-Planck  (Heidelberg)  - 
University  of  Heidelberg  Collaboration}  are  measur- 
ing differential  pp  cross  sections  in  the  momentum 
range  from  150  MeV/c  to  600  MeV/c. 

The  elastic  differential  cross-section  measurement 
covers  also  the  Coulomb- nuclear  interference  region 
and  thus  allows  the  determination  of  q~ the  ratio  of 
the  real  to  the  imaginary  p?rt  of  the  forward  scattering 
amplitude  The  total  cross-section  is  obtained  via  the 
optical  theorem. 

Data  have  been  obtained  u;mg  p  with  incident 
momenta  of  600,  300  and  200  MeV/c  and  at  inter- 
mediate  momenta  by  using  a  carbon  degrader.  Above 
400  MeV/c  the  measured  cross-sections  agree  with 
previous  measurements.  In  the  region  below  300 
MeV/c,  where  these  are  the  first  available  results,  the 
annihilation  and  total  cross-sections  increase  faster 
than  pre-Jicted  by  any  model  of  the  pp  interaction  The 
values  of  q  show  an  unexpected  increase  below  240 
MeV/c  (Fig  29),  which  may  be  a  hint  of  resonance 
production  close  to  the  pp  threshold. 

Experiment  PS172  (Amsterdam  (NIKHEF)  - 
Geneva  -  London  (QMQ  -  Surrey  University  -  Triesie 
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Collaboration)  have  published  the  results  of  a  mec* 
surement  made  last  year  of  the  pp  total  cross- 
scction  from  388  to  599  MeV/c  in  momentum  steps  of 
from  5  to  10  MeV/c.  The  measurements  were  made  in 
a  convent;onal  good  geometry  transmission  experi- 
ment. Statistical  errors  are  typically  ±0.4%  and  the 
normalisation  uncertainty  is  ±0.7%.  One  of  the 
motives  for  studying  this  region  is  that  previous  ex- 
periments have  given  contradictory  results  about  the 
existence  of  a  resonance,  called  the  S(1936)  meson,  ap- 
pearing at  a  momentum  of  about  500  MeV/c.  With  a 
mass  resolution  of  about  1.4  MeV/c2  this  Collabora- 
tion find—at  the  90%  CL.—an  upper  limit  of  2  mb 
MeV/c2  'or  the  strength  of  a  resonance  of  width  T  s 
3.5  MeV/c2.  This  is  in  contrast  to  values  as  high  as 
24  mb  MeV/c2  reported  by  some  experiment  giving 
positive  evidence. 


Electromagnetic  Form  Factor  of  the 
Proton  In  the  Time-like  Region 

Experiment  PS170  (Ferrara  -  Padua  -  Saclay  - 
Turin  Collaboration)  have  taken  data  on  the  reaction 
pp  -  eV  for  p"  momenta  from  0  to  300  MeV/c  and  at 
600  MeV/c.  The  expected  cross-section  is  very  sm^ll, 
10"  6-I0"  *  of  the  total,  and  a  rejection  of  the  order  of 
10'°  against  hadrons  and  other  background  sources  is 
required.  Fig  30  shows  the  good  separation  obtained 
to  isolate  pp  -  eV  and  pp  -  jt+t~,  K*K~  annihila- 
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txmt  at  rest,  where  to  far,  300  eV  events  have  been 
obtained.  The  resulting  branching  fraction  U:  pp  ■* 
e*  e"/pp  -» total  -  (4.8  ±  0.7)-  10" 7  giving  for  the 
form  factor  a  value  of  0.62  ±  0.06,  assuming  [Oml  * 
jO*|.  Analysis  at  600  MeV/c  b  in  progress  and  30  eV 
events  have  already  been  selected. 


AAAaaftlatJon 

The  PS  185  Experiment  (Caraegk-MeUon  - 
CERN  -  Erianten-Nurembcri  -  Freiburg  -  Los  Ala- 
mot  -  Saday  -  Uppsala  -  Vienna  Collaboration)  stu- 
dying this  annihilation  had  its  first  run  in  1964  at  in- 
cident momenta  1.48  and  1.51  GcV/c,  which  cor- 
respond to  energies  of  16  and  26  MeV  above  thres- 
hold. Several  hundred  fuOy  reconstructed  events  have 
been  obtained  at  each  momentum  proving  that  the  ap- 
paratus performs  as  well  as  expected.  The  preliminary 
results  show  that  there  are  important  amplitudes  with 
orbital  momentum  f  >  Oin  the  production  process. 


i-Nicwi  Infractions 

The  results  of  PS184  (Grenoble  -  Saday  -  Stras- 
bourg -  Td  Aviv  Collaboration)  on  p+  ,JC  elastic 
scattering,  tx  310  MeV/c  were  given  In  last  year's 
Report.  They  have  now  been  extended  at  310  and 
600  MeV/c  to  1JC,  *Ca  and  **Pb.  An  optical  modd 
analysis  of  the  data  shows  the  results  to  be  wett  ex- 
plained with  a  strongly  absorptive  ftrnaginary)  poten- 
tial together  with  t  weaker  real  attractive  potential. 

ft>  reactions  on  "C,  *JCu  and  "TM  have  been 
studied  at  600  MeV/c  in  a  search  for  nuclear-bound  or 
resonant  states  formed  by  antiprotons  and  nuclei.  The 
suggested  m^>***"<«TW  would  consist  in  the  incident  f> 
transferring  its  momentum  to  a  proton  and  getting 
thereby  trapped  in  the  nucleus.  An  enhancement 
would  then  appear  in  the  energy  specrnim  of  the 
knocked -out  proton.  No  evidence  for  this  is  found* 
the  gross  features  of  the  spectra  being  explained  rea- 
sonablywdl  by  the  intranuclear  cascade  modd. 

Experiment  PS179  (Dubna  -  Frascati  -  Padua  - 
Pavia  -  Turin  Collaboration)  have  reported  pretunin- 
try  results  on  j^He  rod  pNc  mteracdons  at  200,  300 
and  600  MeV/c  incident  momenta.  A  self-shunted 
streamer  chamber  placed  in  t  magnetic  field  of  0.8  T  is 
used  as  detector. 

Reaction  crots-scctiocs  have  been  determined  and 
found  to  agree  with  the  general  trend  observed  at 
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higher  momenta  for  different  nuclei.  Comparison  of 
the  results  with  those  obtained  elsewhere  at  equivalent 
energies  shows  the  reaction  cross-section  to  follow  an 
A24  law  from  hydrogen  to  lead. 

The  results  on  the  cross-section  p  +  4He  ** 
3He  +  X  at  600  MeV/c  appear  to  be  of  particular 
interest.  Using  the  presently  observed  abundances  of 
'He  and  4He  these  may  be  used  to  place  an  upper  limit 
of  -  10°  on  the  ratio  of  p  top  in  the  early  stages  of 
our  universe. 


The  studies  of  charmHHng  radiation  by  the  Aar- 
hus  -  CERN  -  Strasbourg  Collaboration  (PS  188)  have 
continued  in  1984.  A  new  position-sensitive  photon 
detector  (consisting  of  100  CdTe  solid-state  detectors) 
was  used  to  demonstrate  the  possibility  of  obtaining 
monoenergetic  photon  beams.  The  photons  are  located 
with  an  accuracy  of  0.8  mm  giving  en  angular  resolu- 
tion of  ±40**ad. 

Positrons  are  sent  into  an  Si  crystal  where  they 
oscillate  between  the  crystal  planes  and  emit  radiation. 
The  e*  beam  is  then  deflected  in  a  magnetic  Add  and 
the  radiation  detected  in  the  CdTe  array  through  the 
conversion  of  the  photon  Into  an  eV  pair.  The 
energy  of  the  pair  is  determined  by  stopping  them  in  s 
big  scintillator.  A  strong,  monoenergetic  photon  beam 
is  obtained  in  the  forward  direction  over  a  relatively 
small  background. 


SC  ProfraiJUDe 
ISOLDE 

Over  more  than  four  years  the  collinear  fast-beam 
laser  spectroscopy  experiments  at  ISOLDE  have 
yielded  a  lot  of  systematic  information  about  nuclear 
moments,  ridti  and  defornations,  of  which  the  most 
recent  highlight  is  the  further  evidence  for  shape- 
asymmetric  (octupolc-deformed)  nuc*ear  ground 
states  in  the  heavy  radium  isotopes. 

One  experiment  is  now  focusing  on  a  particular 
nucleus  which  plays  a  key  role  in  the  understanding  of 
nuclear  magnetic  moments.  fTl  Is  the  only  known 
nucleus  with  a  single  Si?  particle  or  hole  and  s  doubiy- 
magic  core  ("Pb).  It  thus  constitutes  a  unique  test 
case  for  thx>ry,  because  of  its  relatively  simple  struc- 


9 

ERIC 


632 


******  »*vHCmctM.  m*>*t*im*m*,  q/o^JU 

Tf  TP''  fi—m  mt4m»moil 

•*m*n,ckbyo**,oTtkim.  *mc*t+  ,w**Mtawm-  JO11  for 
commtommmn  to  m  tmlmhrn  km ktm torn.  Tornado*  At 
*??°*^^tomm>roMo<tftk,t^tom.mmtm12  X  I0> 

 * 


ture,  and  because  the  orbital  part  of  the  magnetic 
moment— usually  strongly  affected  by  meson  ex- 
change  currents —is  expected  to  be  aro.  The  remain- 
ing  deviation  from  the  single  particle  Schmidt  value 
should  be  explained  by  core-polarization  effects. 

ISOLDE  can  provide  strong  beams  of  W7T1  (half- 
life  -  4.77  m)  becLuse  of  the  lucky  chance  of  three 
successive  rapid  a-decays  from  the  mother  *l9Ft  which 
is  strongly  produced  by  spallation  of  thorium.  Tbe 
magnetic  moment  has  been  determined  by  relating  the 
optical  hyperftnc  structure  of  ai7TI  to  those  of  tbe 
stable  isotopes,  *vn  and  "^H.  Tbe  future  will  show 
whether  a  similar  experiment  can  be  performed  in  tbe 
1.3  s  isomer  mmT\.  This  hit*  state  would  be  a  spin- 
orbit  partner  to  the  h*2  ground  state  of  "^Bi,  and  by  a 
combination  of  their  magnetic  moments  one  could  iso- 
late the  complementary  information  about  meson  ex- 
change contributions  to  the  orbital  part. 

The  intense  sources  of  Fr  and  Ra  nudes  which  can 
be  provided  by  ISOLDE  allow  a  systematic  study  of 


toe  exotic  WC  decay-mode,  recently  discovered  in 

R*  by  Rote  and  Jones  from  Oxford. 
In  a  first  exposure  of  polycarbonate  track-record- 
ing films,  see  figure  31,  to  the  ISOLDE  sources,  two 
new  cases  of  MC  decay  were  discovered  in  ^Ra  and 

Ra.  The  observed  branching  ratios,  as  tow  as  10"  11 
for  "C  emission  relative  to  alpha  emission,  might  tell 
us  about  tbe  validity  of  intranuckus  clustering  con- 
cepts and  provide  us  with  improved  knowledge  of  in- 
ternucleus  potentials  and  extremely  asymmetric  fission 
phenomena. 


M»c  Spim  Rotstio.  (*SR)  Fjtperts«*«ti 

The  *£R  techniques  developed  at  the  SC  have 
achieved  a  high  degree  of  sophistication  and  are  pro- 
viding very  interesting  results  with  muons  probing  not 
only  local  or  hyperfine  fields  and,  generally,  magnetic 
properties  of  materials  but  also  giving  information 
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about  the  physics  and  chemistry  of  different  mole- 
cules. 

Some  of  the  results  obtained  in  1984  are  summar- 
ized below. 

Experiment  SC65  (CERN  -  Grenoble  -  Uppsala 
Collaboration)  have  measured  local  spin  correlations 
in  the  rare  earth  intermetaQics  (RE)Ala.  In  these  sys- 
tems Fit •  32,  the  a*  spin  is  surrounded  by  two  nearest 
neighbour  RE  spins  which  flip  at  a  rate  of  10"- 

10"  S"  '  ln  !kf  p*™""!™*^  I'M*  ptnm«|wf. 

ic  relaxation*  as  monitored  by  the  a*  spin,  has  been 
explained  quantitatively  as  a  result  of  a)  relaxation  of 
the  4f-spin  vs.  conduction  electrons,  b)  relaxation 
througn  4Mf  interactions.  In  the  latter  process  pair 
correlations  between  RE  spins  are  observed  to  persist 
for  temperatures  well  above  Tc. 

Muom  irrplanted  into  hexagonal  compounds  like 
Fc2P  have  been  studied  in  particular  at  temperatures 
close  to  the  first  order  phase  transition.  No  evidence 
was  found  for  lonx-lhred  spin  correlations  above  Tc 
and  the  transverse  precession  signal  disappears  in  the 
ferromagnetic  state. 

Experiments  S068  (Parma  University)  and  SCSI 
(CERN  -  Parma  -  Rutherford  Collaboration)  have 
used  a  new  and  more  efficient  spectrometer  using  pro- 
portional wire  chambers  for  a  better  determination  of 
the  coordinates  of  the  incident  /i*  and  decay  e* .  They 
have  obtained  results  on  the  changes  of  electronic 
structure  of  molecular  crystals  as  they  are  cooled 
(trough  aphase  transition. 


The  Collaboration  CERN  -  Geneva  -  Julich  - 
Uppsala  (SC76)  study  the  diffusion  rate  and  trapping 
site  for  a*  in  metal  hydrides  at  temperatures  in  the 
range  10-300  K. 

They  have  used  Z,ViH„  with  x  -  0, 3.0, 3.5,  and 
4.0.  The  x  -  4  curve  shows  a  plateau  in  the  range 
100-170  K  indicating  that  the  ft*  *t  arc  mobile  between 
a  limited  number  of  H-sites.  Above  170  K,  where  also 
the  protons  become  mobile,  the  muom  diffuse  over 
long  distances  in  the  sample. 

The  Collaboration  Munich  -  Uppsala  -  Grenoble 
(SC9  J)  study  the  effecu  of  high  pressure  at  low  tempe- 
ratures on  local  electronic  properties  like  charge  'reali- 
zation, spin  density  distribution  and,  in  the  case  of 
magnetically  ordered  materials,  spin  structure. 
The  pressure  range  covered  is  0-14  Kbar  in  a  tempera- 
ture range  10-300  K.  It  is  obtained  with  a  He-gas  high 
pressure  system  coupled  to  a  closed-cycle  refrigerator. 
First  experiments  were  carried  out  on  Fe  and  Ni  to 
study  the  volume  dependence  of  the  magnetic  field  felt 
by  positive  muons  Implanted  in  those  materials.  TU 
a*  occupy  interstitial  lattice  positions  and  the  field  at 
the  muon  site  is  a  measure  of  the  interstitial  spin  densi- 
ty. It  was  found  that  the  correction  by  volume  depend- 
ence cannot  remove  the  discrepancies  noticed  earlier 
between  the  measured  and  the  calculated  interstitial 
spin  densities.  In  particular  for  iron  a  better  theoreti- 
cal model  is  dearly  needed. 

Experiments  SCS2  (CERN  -  Parma  -  Rutherford 
Collaboration)  and  SC95  (CERN  -  Leicester  - 
Rutherford)  apply  the  pSR  technique  to  the  study  of 
molecular  physics  and  chemistry.  Implanted  in  a  mate- 
rial,  the  a*  reacts  and  binds  chemically  as  would  a 
light-weight  proton.  The  «SR  signal  behaviour  can 
then  be  exploited  to  reveal  the  structure,  dynamics  or 
chemical  properties  of  the  molecule.  Thus  SCSI  has 
completed  a  study  of  a  muonated  radical  derived  from 
a  carbon-oxygen  double  bond;  the  carbon yl  bond  of 
acetone.  In  this  paramagnetic  molecule  tin  unpaired 
electron  Is  partially  detocalised  onto  the  oxygen  atom. 
This  makes  the  hyperfine  coupling  with  the  neighbour- 
ing muou  extremely  sensitive  to  the  conformation  of 
the  molecule.  Indications  have  been  obtained  for  a 
muonic  bonding  analogous  to  hydrogen  bonding. 


Nodens-Nuckus  Reactions 

Several  Collaborations,  CERN  -  Copenhagen  - 
Grenoble  -  Lund  -  Saday  (SC83),  Caguari  -  CERN  - 
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Strasbourg- Turin  (SC9TO  and  Derastadt- Frankfurt  - 
Hcidclbcrt  -  Stony  Brook  (SC92),  have  studied  pion 
production  at  incident  coerces  well  below  the  free  NN 
thretbokl.  Substantial  cross-sections  are  observed  far 
above  a  level  that  could  be  explained  by  taking  into  ac- 
count the  internal  momenta  of  nucleons  in  the  coffid- 
int  nuclei.  They  would  indicate  a  cooperative  action 
ofdutteriof  nucleons in  thenudei.  A  conclusion  that 
is  supported  by  the  angular  dependence  of  the  pion 
yield  and  tbe  apparent  source  velocity. 

The  emission  of  medium  heavy  fragments  (hea- 
vier than  typical  evaporation  products  and  lighter  than 
fission  fragments)  has  been  studied  by  tbe  Darmstadt- 
Hekklberg-Munster  Collaboration  (SC85).  A  sugges- 
tion that  a  liquid-gas  phase  transition  in  nuclear  mat- 
ter might  be  observed  has  stimulated  interest  in  tbe 
production  mechanism.  Tbe  vdodlks  of  tbe  light 
fragments  (A  s  3)  are  centered  at  about  half  tbe  beam 
velocity  (-  0.4  c)  and  the  temperature  in  tbe  region 
10*20  MeV.  This  would  be  expected  for  the  emission 
from  the  hot  region  where  projectile  and  target  over- 
lap. For  the  medium  heavy  fragments  (A  2  6)  both 
the  velocity  and  temperatuie  show  a  smooth  decrease 
with  mass.  From  the  results  obtained  with  different 
targets,  this  behaviour  may  be  explained  by  a  direct 
momentum  and  energy  transfer  to  a  prefragment 
formed  during  the  t?rly  stage  of  the  collision. 


Technical  Developments 
Electro  ikt 

An  appreciable  amount  of  the  effort  of  the  Elec- 
tronics Research  and  Development  Group  was  de- 
voted to  the  UA1  collaboration.  The  electronic 
digitizers  of  the  central  detector  have  been  equipped 
with  double  event  buffering.  The  memory  controllers 
are  based  on  a  large-scale  integrated  circuit,  designed 
by  the  group.  Other  work  for  UA1  has  been  the 
design,  production  and  cominissioning  of  complex 
recording  memories  and  interface  modules  (REMUS- 
VME-VMX).  Within  the  VME-based  buffering  and 
processing  system  the  MACVEE  system  has  been  de- 
veloped together  with  the  software  team  of  UA  I 
MACVEE  is  based  on  an  Apple  Macintosh  personal 
computer  connected  to  additional  hardware  in  the 
VME  cratt  via  a  privste  bus. 

A  close  collaboration  has  been  established  with 
the  LEP  experiments  on  FASTBUS  support  and 


developments.  As  a  result  of  this  collaboration  tbe 
development  of  a  number  of  general-purpose  modules 
has  been  started.  The  design  of  a  basic  FASTBUS  sys- 
tem hardware  and  software  has  been  completed  and 
the  range  of  devices  produced  by  industry  is  gradually 
increasing. 

The  development  of  a  read-out  system  for  the 
Time  Projection  Chambers  (ALEPH  and  DELPHI), 
in  collaboration  with  outside  laboratories,  is  progress- 
ing. The  system  is  based  on  Flash  Analogue  to  Digital 
Converters  and  is  housed  in  FASTBUS.  To  cover  the 
requirements  of  six  detectors  in  DELPHI  a  high  reso- 
lution (ns),  wide  range  (ja)  and  high  multiplicity  time 
digitizer  in  FASTBUS  is  under  development  together 
with  outside  laboratories.  A  variety  of  devices  has 
been  designed  for  the  uranium  calorimeter  and  the 
transition  radiation  detector  at  NA34. 

More  design,  production,  cominissioning  and 
maintenance  work  has  been  given,  as  usual,  to  most  of 
the  experiments  presently  setting  up  or  running. 

In  collaboration  with  European  manufacturers 
the  Test  and  Instrumentation  Group  developed  new 
switching  power  supplies  for  CAMAC.  This  project  is 
being  continued  in  view  of  a  possible  application  to 
FASTBUS.  A  number  of  new  electronics  modules 
have  been  tested  and  standardised  for  the  EP-Elec- 
tronics  Pool.  This  pool  consists  presently  of  about 
38000  units  and  is  used  by  CERN  groups  and  visiting 
teams.  In  order  to  cope  with  the  ever-uxreasing  work- 
load for  maintenance  and  bookkeeping,  more  and 
more  automation  is  applied. 


Magnets  aad  Meetaakal  Eagtaeering 

Careful  technical  planning  and  realization  has 
been  the  basis  of  success  for  many  experiments. 
Therefore  the  experience  and  ability  of  the  technical 
groups  are  used  extensively.  Good  sharing  of  the  work 
between  these  groups,  and  between  divisions,  ensures 
efficiency.  Tbe  spectrum  of  activities  of  these  few 
groups  is  considerable. 

The  Magnets  and  Beams  Group  (MB)  has  built 
and  tested  tbe  3  GHz  modulator  of  experiment  PS 
189.  Its  precision  spectrometer  (Fig.  33)  is  near  com- 
pletion. Tbe  assembly  of  tbe  400  ton  glass  target  of 
WA  79  has  been  studied  and  is  now  in  progress 
(Fig.  34).  Most  of  the  group  effort  however  went  into 
the  preparation  of  LEP  experiments.  Parts  of  the  me- 
chanical structure  of  the  Time  Projection  Chamber 
(TPC)  for  ALEPH  have  been  designed.  The  iron 
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yokes  of  both  ALEPH  tod  DELPHI  have  been 
designed  and  most  of  the  components  are  already 
ordered.  Since  there  is  a  laclc  of  computer  programmes 
to  calculate  the  magnetic  field  in  3  dimensions  from 
the  complicated  boundary  condition  of  these  experi- 
ment*, detailed  Held  measurements  on  a  scaled-down 
model  have  bttn  made.  The  complicated  infrastruc- 
ture of  the  LEP  experiments  is  studied  and  model 
work  is  pursued  as  well  (Fig.  35). 

Some  of  these  projects  were  carried  out  in  very 
close  collaboration  with  the  Mechanical  Engineering 
Group  (ME).  This  group  is  executing  the  designs  of 
the  iron  structures  and  the  moving  equipment  of  the 
LEP  experiments  (Fig.  36).  Computer  aided  design 
(CAD)  is  used  extensively  for  these  studies.  When  a 
design  is  finished  the  group  often  follows  up  the  pro- 
jects to  the  end,  by  either  making  the  object  or  study- 
ing fabrication  procedures  and  dealing  with  outside 
firms.  After  manufacturing  a  test  coil  for  the  OPAL 
experiment,  the  tooling  for  the  real  coil  is  now  being 


prepared.  Among  other  experiments  the  ME  group 
has  been  involved  in  VYA  79,  ISOLDE,  LEAR,  UA  1, 
and  especially  U A  6  constructing  a  calorimeter  and  the 
transition  radiation  detectors.  The  group  is  also  en- 
gaged to  maintain  the  130  EP  gas  distribution  systems 
for  wire  chambers, 

The  Technical  Assistance  Group  (TA)  is  involved 
in  experiment  NA  31  building  wire  chambers  and  the 
big  He-tauk.  A  prototype  RICH  (Ring  Imaging 
CHercnkov  Detector)  has  been  built  for  the  RICH 
group  to  be  used  in  UA  2.  The  TA-group  is  studying 
together  with  outside  laboratories  the  RICH  chambers 
for  the  endear*  and  the  parabolic  mirrors  for  the  bar- 
rel RICH  of  DELPHI.  A  major  efTon  has  been  made 
to  build  the  Mini  Vertex  Detector  for  UA  1  (Fig.  37). 
The  group  has  done  fabrication  tests  for  the  Central 
Electrode  of  the  ALEPH-TPC  and  is  preparing  the 
manufacture  of  the  field  cages  for  the  same  detector. 
The  winding  of  Polyester  foils  for  the  insulator  of 
these  cages  has  been  the  subject  of  extensive  tests. 
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Flturr  37—Streicfiint  t**  wirts  of  the  Mwi-V<fXtx-DtiKiof  of  UA  ! 
(CERN-S4S  OS  84/ 

Flxvrt  3t-The2t  poUriztd  tvjrt  ofNA2.  (CERN-W  02  i5f 


Polarized  Target  Group 

The  largest  polarized  target  in  the  world  (2  litres 
of  irradiated  ammonia)  developed  by  this  group  was 
set  up  at  the  experiment  NA2  (Fig.  38)  and  ran 
successfully  at  a  polarization  of  80ft.  Another  small 
polarized  target  was  installed  and  running  at  LEAR. 
Final  tests  with  a  polarized  beam  source  based  or.  sta- 
ble atomic  hydrogen  resulted  in  a  'record'  stabilization 
rate  of  10u  atoms/s,  without  any  indication  of 
vacuum-problems.  In  collaboration  with  the  Univer- 
sity of  Rome  the  basic  problems  of  the  cryogenic  lay- 
out and  suspension  of  a  gravitational  antenna  were 
studied.  Also  the  design  of  the  dilution  refrigerator  for 
the  antenna  was  started.  Some  work  for  a  cold  silicon 
single-crystal  calorimeter  showed  promising  results. 


Preparation  of  LEP  Experiments 

The  preparation  of  the  four  LEP  experiments  has 
absorbed  an  increasing  fraction  of  the  resources  of  the 
EP  and  EF  Divisions.  To  avoid  duplication,  most  of 
this  activity  is  reported  in  the  EF  section. 

The  building  of  these  giant  detectors  has  required 
an  extensive  programme  of  prototype  investigation  in 
addition  to  the  construction  of  the  final  detectors. 

Most  of  this  work  has  been  carried  out  in  test 
beams  from  the  PS  and  SPS  machines.  Some  of  the 
beam  tests  have  rivalled  full-scale  SPS  experiments  in 
their  size  and  complexity. 

Here  mention  is  made  of  just  one  major  proto- 
type investigation  by  each  of  the  four  experiments. 

The  ALEPH  Collaboration  has  made  detailed 
studies  on  the  performance  of  a  90  cm  long  prototype 
Time  Projection  Chamber  (TPC)  to  ensure  that  the 
full-scale  chamber  will  give  the  best  possible  perform- 
ance. They  have  succeeded  in  realizing  thar  design 
goals  with  this  prototype. 

The  DELPHI  Collaboration  has  built  and  tested 
prototypes  of  their  gas  and  liquid  Ring  Imaging 
CHerenkov  (RICH)  counters.  They  have  succeeded  in 
bringing  their  novel  dVrigns  into  operation. 

The  OPAL  Collaboration  has  tested  a  full-size 
prototype  section  of  their  JEF  chamber,  demonstrat- 
ing that  they  can  obtain  the  required  spatial  resolu- 
tion. 

The  L3  Collaboration  has  tested  two  different 
arrays  (5  x  *  and  3  x  3)  of  Bismuth  Germanate 
(BGO)  counter  to  determine  their  spatial  and  energy 
resolution. 
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SPS  EXPERIMENTS  IN  1984 


rutmbtr  txprrvtent 


Sutus 


WAW  Photoproduasoa  ia  the  energy  range  70-200  CeV 

WA70  Study  tfdxrea  photon  events  in  hsdroa*  coihssooi 

WA"  An  experiment  to  study  beauty  production  and  brctimc 

u>  the  upraded  Onega  Prime  Spectrometer 
WA75  An  experiment  to  observe  directly  beauty  particles 

selected  by  muonsc  decay  In  emuNoo  and 
to  estimate  their  bfeumes 
WA76  Study  of  the  mesons  produced  centrally  m  the  reaction 

ppgmagpp  ♦  X*aadr 'ptivmgt  *p  ♦  X%t 
J40GcV/c 

Wa77  Search  roc  direct  production  of  ghnnhna  states  la 

hifh  pi  r  *  N  oothuons  it  3  50  Oe V/c 
W A7I  Search  ror  lb*  had  9oroductioo  of  B/anti-B  pairs 

WA79  Srudyoro<utrino-«kcaooscatteriotitiheSPS 

WAM  Study  or  rtiaUvistknuc*rus>nuckuscoUuKins 

induced  by  '*0  projectiles 

WAM  Measurements  of  pan  production  under 

dunndhaj  conditions  by  70-IIOOeV  photoos 

modent  on  single  crystals 
WAI/2  Measurement  of  sintila 

senuleptonic  nculruio/Fc  mtcracuocs  with 

nigh  precision 

WA18/2  High  prcosta  measurement  of 'he  ratio 
between  the  neutral  and  charted  current 
ncutrbo  cross-sections 

N  A I  Measurement  of  the  photoproducuoo  of  vector  and 

scalar  bosons 

NA2  Elcctiomagoctic  interactions  of  muoos 


NA  J  Direct  photon  production  to  hadron-hadron  cotlwoni 

at  the  SPS 

NA4  Inclusive  dcep-inclastic  muoo  scattering 

NAIO  High  resolution  study  of  the  indusive  production  of  massive 

muoo  pain  by  intense  ptoo  beams 
NAI2  Study  or  r~p  interactions  with  ticttral  final  stales 

N A 1 4  Photoproduction  at  high  energy  and  high  intensity 

NA24  Investigation  or  decpWasuc  scattering  processes 

involving  large  p,  direa  photons  tn  the  final  sute 
NA27  An  expenmest  to  meajuie  accurst  cfy  the  lifetime 

or  the  DT)  *  F  *  A,  charm  particles  and  to  study 
thcii  hadrCAK  production  and  decay  properties 


Boon  -CERN- Lancaster- Manchester.  Data-uktag 
Rutherrord-SheffieSd 

Geneva -GUia^-Urerpool-  Oata-takioi 
Milaa-Neuchitd  ^ 

CER  N -Genoa- Milan- Mo»cow-  Data-taking 
Paris  » lUxne-SanUnder- Vakooa 

Ban -Bntsseis-CERN- Dublin-  Completed 

Japan-lxxidoo-Ronic-Turin  if.*  I9C4 

Athens-Bart- Binnineham-CERN-Pans  Prrparatioa 


Atbeiu-Beri-Bu-mlngham-CERN-Par«  Dau-uking 

Bari.Bruss«U<CEJtN>London-  Data-taking 
Rome-Turin 

Brusseb-OERN- Hamburg -Moscow-  SetOai-uo 
Napbs-Rome 

Darmstadx.Uwrcnce-Ltmd.Marburg.  Preparation 
Minuter -Oak  Ridge-  Warsaw 

Aarhu»-CERN -Strasbourg  Preparation 


CERN- Dortmund -Hoddberi-  Completed 

Saday-Wamw  50$  IH4 

CERN>Hamburg.  Amsterdam-  Completed 

Rome- Moscow  j  •  \<m 

Frascati- Milan -Pua-Tann-  Completed 

Trieste. W«fidd  College  tl  6  I9S4 

Aacheo-Aanecy-CERN-Fraburg-  Data-taking 
Hamburg.HesdeAerg.Uiscaster-Uverpool> 
Marseilles- Mofis-Ojfo^-Rutherford- 
Shefisdd.i^irto-Upcjaala-Wanaw- 
Wuppcrtal-Yak 

CERN -Orsty-Palaueau -Pari*-  Completed 

Pua-Saday  11\9U 

Bc4ogna^RN-Dubna.Muaich  Dau-akmg 
Saday 

CERN- Naples- Palaiscau-  Dais -taking 
Suasbourg.Zurkh 

Anoecy-BrusseU-Los  Alamos-  Competed 

Serpukhov  It  6  1 9*4 

Athens-CERN  London-Omy  Completed 

Palaiseau-Paru-Saday-  3  y  joga 
Southampton -Strasbourg- Warsaw 

Bari-Fraburg-Moacow-Muaich  Data-taking 

Aadkcn.Bombay.Brusseb-CERN.Duke.  Completed 

Genoa- J apaa-UverpocJ -Madrid -Moos-  J  6  1 9*4 
Oxford- Padua -Pani-Rome-R  utaers- 
Rwr^wd-Serpuihov-Si«ihoto-Strsib«ir$- 
Tennessee-Triene«T\im.Vteane-Zeuthcn 
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SPS  EXPERIMENTS  IN  1984  (Cont.) 


Exptrimeni 


NAM 
NAM 
NA» 
NA33 
NAM 


Precision  determination  of  the  kfcume  of  the  neutral  ptoa 
aof^/h.-? 


UAI 
UA4 

UA5/2 
UA6 

EMUOI 

EWU02 
EMUOJ 


InvcarJgaboo  of  dan  production  to  hadronk 
iaieractiooj  using  hlgh-reaototioo  tibcoa  detectors 


An  experiment!!  study  of  tingk- vertex 
t't"  pakaation  in  a  crystal 


Leptoo  production 


Study  of  rdatMstk  nudces-t  m 
coTitxxu  LMuccd  07  '*0  proK'  tiks 


The  production  of  ttrangr-  baryons  tad  ann- 
baryoos  inch  rtUtivmic  hght  loo  coflukxu 
attbcCERNSPS 

A  program  of  heavy  flavour  phot  ©production 


Study  cf  high  energy  densities  over 
extended  nuekar  volumes  vie  nuckus- 
nudcui  coOukxu  at  the  SPS 


A  4r  aobd-aagk  detector  for  the  SPS  used  as  a 
protoo-aatfprotoo  cothder  at  *  c  tn  energy  of  540  GeV 


Study  of  aauproton-proton  interactions  at 
MOOcVcm  energy 

Measurement  of  the  ciatoc  scattering  in  the  Coulomb 
totorf arencc  region  tf  the  aatlprotoe- 
protoo  coQtder 

Aa  exploratory  to*  vstigatkm  of  protoo  aatiprotoo  inter- 
action at  SOO-90O  C«  V  era  energy  at  the  SPS  coStder 

Aa  (eternal  hydYogeak*  target  to  the  SPS  to  study 
tadush*  tkctromagnetk  final  states  and  A  product**]  la 
pp  and  pphrteraetioraal  22  J  GeV  c  m 

Study  ->t  pa/tick  pr oductioo  and  oudear 
fragnaetttatioo  tn  cothstoos  of  **0  beams 
with  emulooo  nudd  at  1 3-200  GeV 

Search  for  fractionally  charted  nudd  la 
high-energy  oxygen -lead  cothsloos 

Interactions  of  ,40  propctik  and 

ks  f  ragmcati  La  nuclear  emulsaoo  at  about 

50and225GeV/c 


Completed 
I  6.IM4 

Data-taking 
Data-taking 
Data-uHng 
Preparation 

Preparation 


ArrKa-CEXN-aucaao-tuad-Part* 


CERN-Dwtmund-Edmburgh-Omy- 
Pua-Skgea 

Amsterdam-  fcutd-CERN  -Cracw- 
Mttnicb-Rutberford 

Albany- Annecy-Fraacati-Lyon 


Brooahavea-CEJtN-Hefckftert-Loodoo. 
Let  Alairwa-Lund-MoctfrtaJ-Moacow- 
No^oixsa-Ptosbgrah-Rutherford- 
Saday-Syracuae-Td-Avi* 

Athens-Cracow  -Darmstadt  -Frank  furt- 
HekWberg-LBU  Marburg-Texas  -Wtraaw- 
Zagreb 

Bergen  -Btnnlngham  -Lawrence  Bcrkeky 
Lab  -Oxford 


Athcas-CERN  -Loodeo-Orsay  -Palaiaeau-  Teat 
Pam-Snday  -Southampton  -Serasbourg- 
Warsaw  ' 

BfCK^hivrn-CERN-Hodcfbert-Lo*  Preparation 
AUmoa-Utad-Moatreal-Moacow  > 
Novoubu^-Pituburg-Sadiy- 
Syracuae-Td-Aviv 

Aacha-Amaterdam-Annecy-Binninghaffl  Dela-uking 
CXRN-Ham^-HdsinkJ-lUd-  Loodoo- 
Padua- Paris-  Ri  rerdde-  Rome-  R  utherfcrd- 
Saclay-Vkaaa-Wbconsin 

Bcnt-<2RN-€c{eahaaea-He*aetbcrg-Omy-  Data -taking 
Pavia-PcnigU-Pua-Sactay 

Amttadam-CERN-Ocaoa-  Data -taking 

Naptea-PaUiaeau-Pua 


Bocn-Brusaels-Cambndge-CERN- 
Sockhohn 


Preparation 

CERN-Lausanae  -Michigan  -Rockefeller      Setting -up 


jaipur-Jammu-LBL~Uind-Otuwa-Seattk  Prcparauoa 


U  C.  Berkdey-CERN 


Preparation 
Prcparauoa 
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PS  EXPERIMENTS  IN  1984 


Experiment   

number  Experiment 


Status 


PS170 
PSI7! 

PSI72 

PS17) 
PS174 

PS17J 

PSI76 

PSI77 

PSI78 
PS179 

PSI80 
PSI82 
PS>8) 
PSlW 
PSUJ 

PS  IS* 
PSI87 


PS189 

PS19I 
PSIV4 


Preauoo  measurements  of  ibe  proton  daxroou^nctK  form  Fin  m«Padu*-Saday-Tunn 
factors  >a  the  tune-like  region  and  vector  meson  spectroscopy 


Study  of  pp interactions  uroimi  hydrogen 
gas  target  at  LEAR  (AiTTERJX) 


p>  total  cross- sections  and  spin  effects  in 

PP  -  KT.i't*,  above  200  MeV/c  (LEAR) 

Measurement  of  p  p  cross -sot iocs  at  low  p  momenta 

Precision  survey  of  X-rays  from  pp  (pd)  atoms  using 
the  initial  LEAR  beam 

Measurement  of  the  antiprotomc  Lyman  and  Balmer  X-rays 
of  pH  and  pD  atoms  at  very  low  target  pressures 

Study  of  X  ray  and  f-ray  tpectra  from  antiprotomc  atoms 
at  the  tJowly  extracted  antiprotoo  beam  of  LEAR 

Search  for  heavy  hypernuctei  at  LEAR 


CERN-Maini-Mumch-Orsay- 
Vancouver  (TRjUMFVVictona- 
Zunch 

Amster  dam-Ctneva  -  Lccdoo- 
Surrey-Trieste 

Heidelberg  (MPI  ♦  Univ  ) 

Arastadam-Birmingham- Rutherford* 
Williamsburg 


Study  of  antineutron  production  at  LEAR 

Study  of  tbe  interaction  of  low-energy  antipr otons  with 
H  ,  He  .  He*.  Ne  nuclei  using  a  itieamer  chamber 
in  a  magnetic  field 

Search  for  neutrino  oscillation*  at  the  CERN  PS  using  B£BC    Atheru-Padua-Pita- Wisconsin 


Basle- Karttrjf*- Stock  holm  - 
St  rasbourg  •ThessaJotukt 

Amsterclam-CERN-Darmstadt  -Grenotte- 
Orsay-Saday  •Uppsala-  Wu  taw 

Cagban-  Padva-Tunn 

Dubna>Frascatt-Padia- 
Pavu<Turm 


Investigations  on  baryonium  and  other  rare  pp  annihilation 
modes  using  high  resolution  t*  spectrometers 

Search  for  bound  N  N  states  using  a  preosion 
gamma  and  charged  p*oo  spectrometer  at  LEAR 

Study  of  p- nucleus  interaction  with  a  high-resolution 
magneuc  spectrometer 

Study  of  threshoM  production  of  hyperon-antihyperon 
pairs  in  antipr oton-pr otoo  iweracooru  at  LEAR 


Nuclear  excitations  by  astiprotons  and  anUprotomc  atoms 

A  rxJ  stattstKS  study  of  antiproton 
interactions  with  nuclei 

Measurements  of  channelling  radiation  and  its 
poUrwation.  X  tay  excitation,  together  with 
deviations  from  Landau  distributions 

High  preosion  mats  measurements  with  a  radiofrequency 
mass  spectrometer  -  Application  to  the  measurement  of 
the  proton  •attiproton  mass  difference 

Search  for  decays  of  heavy  neutrinos  with 
tbe  PS  beam 

Measurements  of  tbe  ratio  between  double 
and  single  wnitat-on  of  helium  for  annprotons 


Bask-Stockhoim-Tbessaloruki 

Athens-  Ii  vtnc-Kailsruhe-New  Mcxico- 
Pennsyfvania-Strasboujg 

Crcnoble-Saciay-Strasbourg  - 
Tel  Aviv 

Caxnegie-Metloa-CERN-ErUngen. 
Nucrnbcrg-Frciburg-Lo*  Alamos- 
Saday-Uppsala-Vienna 

Munich  (Technical  Univ  ) 

Los  Alamos  Grenoble 

Aarhus-CERN  -Strasbourg 


CERN-Oruy 

Annccy.Athens.CERN- Pans-Rome 
Aathus-CfcRN-Stockhotm 


Data-taking 
Dtta-takicg 

Data-taking 

Oau-taktng 
Data-taking 

Data  -taking 

Data-taking 

Data-taking 

Data-takmg 
Data-taking 

Completed 
91 1984 

Data-taking 
Data-taking 
Data  taking 
Data-taking 

Data  taking 

Completed 
17  61984 

Data -taking 


Completed 

9 1  \<m 
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SC  EXPERIMENTS  IN  1984 


number 

Experiment 

Collaboration 

Status 

ISOLDE 

ISOLDE  programme 

ISOLDE 

Data-taking 

IS  10 

Determination  of  the  mui  of  the  electroc-ncutnno  from 
ctptnaeau  oo  dectroe  capture  beta-decay  (EC) 

Aarn  ui  -Cfc  km-  Luna  -  Rosauoe 

Da*  Making 

1S20 

Moubaucr  studies  of  implanted  impurities  in  tobdl 

Aarhus-CERN 

Data -taking 

ISM 

p AC  experiments  u  ISOLDE 

Bcrbn-CERN 

Data -taking 

1S40 

ABM  R  experiment*  at  ISOLDE 

Gotcborg-CERN 

Dau-taksng 

IS60 

Coanmiation  of  nan  dcttnnmatiotu  through 

Orsay 

Data -taking 

a  double  focusing  mail  spectrometer  oo 

bae  wrth  ISOLDE 

IS70 

Cortinuatioo  of  atomic  spearoacopy  oo  alkali  isotopes 
M  ISOLDE 

CERN-Orsay 

Data-Caking 

IS80 

Study  of  nudev  moments  and  mean-squire  charge 
radu  by  coUinear  fast-beam  later  spectroscopy 

Gdtebor  g.  MaAi-CERN 

Data  -taking 

1SII 

Later  spectroscopy  at  Z  -  50 

CERN -Darmstadt  -Mainz 

Preparation 

ISO 

Murtipboton  toeuatiot)  detection  in 
co&incar  laser  spectroscopy  of 
ISOLDE  beams 

CERN'Mamz 

Preparation 

1S90 

Sturty  of  doubly-closed  shell  nucleus  nzSn 

Bergcn-CERN  -Darmstadt  •Ootcborg- 

Completed 

and  us  vsJcnce  Rucks 

JulKh-Kingstoo  -Stockholm 

Nov  19*4 

ISI00 

Studies  of  stable  octupoie  deformations 
trt  the  radnua  region 

Bergeo-Chalmcrs  -Mum-Warsaw 

Data  making 

ISl  10 

Nockar  orientation  studies  and  measuieaents 
of  magnetic  momenu  of  radon  uotopes 

CERN -Princeton 

Preparauoo 

SC65 

Local  magneuc  fields  m  ferromagnetics  studied  by 
positive  muon  precession 

CERN -Grenoble  -Uppsala 

Data-taking 

SC68 

Muotuc  chemutry  in  condensed  matter 

Data  making 

SC76 

lopuntv  trapping  of  positive  muons  in  metals 

CERN-Oencva  -jQlich-Uppsala 

DaU -taking 

SCSI 

Formation  and  interaction  of  muoruc  in  tnsulators  and 
semiconductors 

Parma  -  Rutherford 

CKU-taking 

SC82 

cSR  in  organic  and  free  radical  chemistry 

CERN 'Parma  'Rutherford 

Completed 
March  1914 

SCSJ 

Study  of  partick  production  in  "C  induced 
heavy  ion  reactions  at  86  MeV/N 

CERN  -Copenhagen  -Crenoble-Lund- 
Saday 

Dau-takiag 

SC85 

Element  distribution  and  murbpbaty  of  heavy  fragments 

Darmstadt  -Heidelberg  -Munster 

Completed 
March  1984 

SCW 

Study  of  nuckar  collisions  of  86  McV/N  "C  with 
heavy  targets  by  collection  of  the  heavy  recoil  nuclei 

Bordeaux 

Completed 
March  1984 

SCS7 

Study  of  target  fragmentation  in  the  interaction  of  86  McV/N 
"C  with  tantalum,  bismuth,  and  uranium 

Berkeley -Oregon  -Studsvik 

Completed 
March  1984 

SCM 

Study  of  reaction  mechanism  in  the  interaction 
86  MeV/N  "C  with  heavy  targets 

Orenoble-Lyons 

Completed 
March  19(4 

SC92 

Subthreshold  production  of  neutral  pions  in 
heavy  ion  coUisxmu 

Darmstadt  -Frankfurt -Hoddberg- 
Stony  Brook 

Data  taking 

SC9) 

pSR  measurcmcms  under  high  pressure 
and  at  low  temperatures 

Oeoobk-Munich  -Uppsala 

Data-taking 

SC95 

Muons  and  muowum  in  molecular  physics 

CERN'-Leicester  -Rutherford 

Data -taking 

SC96 

600  McV  simulation  of  the  production  of  cotmogeme 

Ahmedabad  -Bordeaux  -Cologne- /flhch- 

Completed 

nudidcs  in  meteorites  by  galactic  pre  -m 

Mamz-Zunch 

Dec  19*4 
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ISR  EXPERIMENTS  IN  1984 


Exptrment 
number 

Experiment 

Collaboration 

Statur 

R704 

Channowum  ipeccroacopy  at  the  ISR  una*  an  aatiprotoo 
beam  and  a  hydrogen  >et  target 

Anotcy-CERN-Oeno«-Lyom- 
Oilo-Rofat-Turia 

Compicud 
116  19*4 

LEP  EXPERIMENTS  in  preparation  in  1984 


The  ALEPH  Detector 


OPAL  Collaboration 


LJ  Experiment 


Birmingham - ^Bolofna . -Boon  -  Cam  bridge  -  Cartoon  -  CERN  -  dncato  -  Frobun  -  Hdddber,  -  itraej  - 

r^c^sS;^^ 

r^f  ASttmJ*n- A00*^ - BeOui* -  Bombay  - Budapew-CALTEC-Can^MeUon- 

Lvwu  KfaMA*  Im^*^  "Si?**  "  Harvard  -  Hawaii  -  Hofd-  John  Hopkins  UaJv^-Lauaanne^Umd 
nlEUi^  '  -  MIT  -  Mcxcow  -  MurJca  -  Napta  -  NcetheatSn^Omo  Slate  UmT- 

Oklahoma  Uwv  - PriiK^- Row- Rutaw-SKrw- Ytk-Zeuthea- Zurich 

An*, . ■  Atmterdam  (N1KHEF)  -  Athem  (Univ.  +  Nat.Tech.Uiuv  )  -  Belgium  -  Ber*a  -  Boiotna  -  CERN  - 

Oxford ^  P»doua  -  Pan*  (Coll  de  France  +  LPNHE)  -  Rome  -  Rutherford  -  Saday  -  SSLto? 
Serpukhov  -  Stockholm  -  Strait™,  -  Tnote  -  Turin  -  UpptaU  -  Valencia  -  Vienna  -W  Wupootai 
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Experimental  Physics  Facilities  Division 


Introduction 

The  year  1984  was  marked  at  CERN  by  the  award 
of  the  Nobel  prize  in  physics  for  the  discovery  in  1983 
of  the  W  and  Z  particles,  the  carriers  of  the  weak  for- 
ce.  Technical  support  groups  from  EF  Division  have 
participated  in  all  phases  of  the  design,  construction 
and  operation  of  the  two  large  experiments  concerned, 
UA1  and  UA2,  including  the  successful  programme  of 
operations  in  1984,  and  will  continue  to  play  their  part 
in  the  improvement  programmes  during  the  next 
years.  The  division  is  also  involved  in  the  preparation 
of  experiments  UA4  and  UA5,  scheduled  for  data- 
taking  m  1985  with  the  SPS  collider  operating  in  a  new 
pulsed  mode  at  450  +  450  GeV. 

Another  important  aspect  of  1984  was  the  termi- 
nation of  the  CERN  bubble  chamber  experiments  pro- 
gramme, an  important  concern  of  this  division  for  the 
past  25  years.  During  the  summer  the  last  two  bubble 
chamber  runs  took  place,  as  the  small  high  resolution 
chamber  LEBC  operating  as  vertex  detector  in  the 
EHS  spectrometer  completed  the  final  run  of  a  charm 
decay  experiment,  and  the  last  picture  taken  in  BEBC 
terminated  the  neutrino  oscillation  experiment  in  the 
PS  neutrino  beam. 

Thus  with  the  increasing  support  to  LEP  projects, 
1984  has  been  a  year  of  transition  for  EF.  Although 
support  for  fixed-target  experiments  has  comv.aed, 
greater  emphasis  has  been  applied  to  the  design  and 
the  construction  work  of  the  four  LEP  experiments 
ALEPH,  DELPHI,  L3  and  OPAL  and  additional 
help  given  in  the  preparation  of  the  LEP  accelerator. 
A  special  effort  went  into  the  development  of  super- 
conducting accelerating  cavities. 

In  the  fixed-target  field,  EF  ran  the  Omega  spec- 
trometer and  the  superconducting  magnets  in  the  West 
Area  and  North  Area  beam  lines.  Construction  pro- 
ceeded of  the  liquid  argon  photon  calorimeter  for  the 
new  CP  violation  experiment  and  a  new  group,  work- 
ing with  a  corresponding  EP  Division  team,  made  a 
start  on  the  detector  for  the  new  lepton  production  ex- 
periment. 

Work  has  started  on  the  improved  neutrino  wide- 
band bom  for  the  CHARM  II  experiment  and  on  the 
new  neutrino  detector  for  this  experiment.  In  colla- 
boration with  EP  Division,  development  work  has 
continued  on  silicon  microstrip  telescopes  and  has 
started  on  a  novel  scintillating-fibre  detector. 

The  former  1SR  experiment  support  group  joined 
EF  Division  in  order  to  prepare  the  infrastructure  of 
the  experimental  areas  for  the  four  LEP  experiments. 


In  dose  collaboration  with  corresponding  groups  in 
EP  Division  and  in  outside  laboratories,  LEP  detector 
groups  in  EF  have  completed  the  design  work  on  these 
four  LEP  experiments.  Construction  of  major  compo- 
nents has  begun  and  a  scries  of  'milestone*  prototypes 
were  successfully  tested.  At  the  same  time  the  develop- 
ment of  radio-frequency  superconducting  accelerating 
cavities  for  the  LEP  accelerator  progressed  in  an 
encouraging  fashion  and  prototypes  of  350  MHz  cavi- 
ties for  LEP  are  being  tested. 

EF  is  also  involved  in  various  aspects  of  the 
construction  programme  0f  the  LEP  machine,  for 
example  in  the  vacuum  system,  in  bending  magnet 
measurement  and  quality  control  and  in  developing 
special  instruments  for  the  geodetic  survey  work. 


Detectors  for  Fixed-Target 
Experiments 

The  three  large  detector  systems  BEBC,  Euro- 
pean Hybrid  Spectrometer  (EHS)  and  Omega  were 
employed  in  fixed-target  physics  in  1984.  BEBC,  in 
completing  the  neutrino  oscillation  experiment  has 
come  to  the  end  of  its  physics  programme  and  has  now 
been  shut  down,  while  EHS  with  experiment  NA27 
has  completed  its  last  run  with  a  bubble  chamber  as 
vertex  detector. 

Meanwhile,  work  continued  on  the  liquid  argon 
photon  calorimeter  for  the  CP  violation  experiment 
NA31 ,  on  various  components  for  the  newly-approved 
experiment  NA34  currently  being  set  up  in  the  former 
NA3  area,  and  on  the  evaluation  of  data  of  experi- 
ment WA44,  the  search  for  free  quarks. 


BEBC 

During  the  summer  months  the  Big  European 
Bubble  Chamber  BEBC  (volume  35  m',  with  a 
3.5  tesla  superconducting  magnet)  completed  the  sec- 
ond and  final  part  of  the  neutrino  oscillation  experi- 
ment PS180.  BEBC  was  filled  with  a  73  mole  per  cent 
neon-hydrogen  mixture,  and  took  567000  neutrino 
pictures  together  with  95000  cosmic  ray  calibration 
pictures.  With  the  19  OeV  PS  beam  it  was  possible  to 
establish  a  record  chamber  expansion  rate  greater  than 
one  expand  on  every  three  seconds  averaged  over  the 
whole  ruj,  an  impressive  performance  for  so  big  a 
bubble  jhamber. 


63 


ERLC 


649 


645 


Figure  J— A  kte  WA21  phcotmph  taken  in  BEfiC  filled  with 
hydrogen  and  rxpoted  to  the  wide-band  neutrino  beam  This  event, 
analysed  on  ERAS.'  i£.  is  one  of  the  first  showing  unambiguously 
charm  production  by  a  neutrino  (CERN-48647) 


The  completion  of  this  experimet  signalled  the 
end  of  the  BEBC  scientific  programme.  Originally  de- 
signed for  neutrino  physics  at  PS  energies  by  a 
France — West  Germany— CERN  collaboration  start- 
ing work  in  late  1965,  and  financed  equally  by  these 
partners,  BEDC  took  its  first  photographs  in  PS 
hadron  beams  in  March  1973.  After  the  SPS  start-up 
BEBC  was  exposed  from  early  1977  until  the  end  of 
1983  to  SPS  hadron  and  neutrino  beams  at  much 
higher  energies  (up  to  450  GeV).  The  addition  of  the 
External  Muon  Identifier  (EMI),  the  Internal  Picket 
Fence  (IPF),  the  External  Particle  Identifier  (EPI)  and 
a  Track-Sensitive  Target  (TST)  converted  BEBC  into  a 
hybrid  detector.  In  addition,  during  tests  of  holo- 
graphic techniques,  tracks  were  recorded  for  the  first 
time  in  a  large  detector. 

In  all  with  some  !3  million  expansions  BEBC 
furnished  6.3  million  pictures  for  22  experir.  its, 
mostly  with  four  or  five  separate  views  on  the  BcBC 
70  mm  film,  of  which  3000  km  we  iscd. 


The  superconducting  magnet,  storing  more  mag* 
neuc  energy  than  any  other  magnet  in  the  world,  was 
cold  for  86500  hours  (that  is  almost  10  years  total 
time),  and  was  operational  at  full  current  for  25000 
hours,  being  energized  for  the  last  time  on  the  occa- 
sion of  the  1984  CERN  Open  Day.  During  a  total  ope- 
rating time  of  about  38  months  the  chamber  was  run 
with  liquid  hydrogen,  deuterium,  and  with  neon* 
hydrogen  mixtures  of  various  proportions. 

Almost  50  laboratories  all  over  the  world  have 
participated  in  the  analysis  of  BEBC  film.  Not  count- 
ing contributions  to  conferences  or  theses,  108  papers 
have  so  far  been  published  in  scientific  journals;  since 
not  all  BEBC  film  has  yet  been  scanned  and  analysed, 
more  are  expected.  At  least  550  researchers  have  par- 
ticipated in  experiments  using  BEBC,  a  number  to  be 
compared  with  the  2000  or  so  physicists  currently 
making  use  of  the  CERN  research  facilities. 

Dismantling  of  BEBC  is  under  way  and  will  be 
finished  during  1985. 
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Om*t«  Spectrometer 

The  Omega  spectrometer  is  m*de  up  of  a  set  of 
wire  and  drift  chambers  in  and  around  the  1.8  tesla 
fie  Id  of  a  superconducting  magnet,  and  of  Cherenkov 
counters  and  counter  hodoscopes,  all  backed  up  by 
powerful  software  for  event  reconstruction.  Various 
experiments  use  the  basic  detector  system,  differing  in 
the  choice  of  beam  (hadrons  up  to  450  CeV;  photons 
up  to  200  GcV),  in  the  trigger  system  for  event  selec- 
tion and  in  •private*  detectors  of  the  different  colla- 
borations, which  complement  the  basic  system.  These 
private  detectors  usually  remain  at  Omega  and  are 
used  later  by  other  experiments.  The  new  RICH  (Ring 
Imaging  CHerenkov  counter),  constructed  by  the 
Rutherford- A ppleton  Laboratory,  is  an  example  of 
such  a  private  detector.  It  will  in  future  be  operated  by 
EF  Division  and  the  Omega  group  is  carrying  out 
some  improvements  on  the  electronics  and  on  the  gas 
system. 

Having  made  a  start  the  previous  year  in  setting 
up,  the  four  new  experiments 
WA69  photo-production  in  the  energy  range  70-200 
GeV 

WA70  study  of  direct  photon  events  in  hadronic 
collisions 

WA71   an  experiment  to  study  beauty  production 
and  lifetime 

WA77  search  for  the  direct  production  of  gluomum 
states 

have  taken  much  data  in  optimized  experimental  con- 
ditions. In  particular,  WA70  and  WA77  successfully 
selected  interesting  events  from  more  than  one  million 
interactions  per  second.  At  such  a  rate  when  each  in- 
teraction generates  thousands  of  data  words,  the  time 
necessary  for  event  selection  and  for  event  recordiog 
(dead  time)  becomes  a  problem.  New  developments  in 
event  selection  electronics  and  the  use  of  a 
MICE— MICro-programme  Engine  (a  fast  PDP11 
emulator  developed  by  DD  Division)  helped  m  keep- 
ing the  dead  time  at  an  acceptable  level 


Chamber  (LEBQ,  sometimes  also  referred  to  as 
HOLEBC,  HO  standing  for  High  Optical  resolution. 

In  Spring,  EHS  completed  the  charm  experiment 
NA27,  taking  in  this  third  run  1.64  million  pictures  of 
proton-proton  interactions  at  400  OeV,  complemented 
by  spectrometer  data.  Totals  of  0.98  million  pictures 
of  pion-proton  interactions,  corresponding  to  a  sensi- 
tivity of  1S.8  events  per  microbarn,  and  2.4  million 
pictures  of  proton-proton  interactions,  corresponding 
to  60  events  per  microbarn,  have  been  gathered. 

Completion  of  experiment  NA27  marked  the  end 
of  operation  of  LEBC  at  CERN.  In  total,  this  bubble 
chamber  has,  in  the  past  years,  accumulated  nearly  5 
million  picture,  for  experiments  NA13,  NA16  and 
NA27.  In  summer,  the  chamber  and  its  ancillary 
equipment  were  dismantled  and  prepared  for  ship- 
ment to  tfce  Fermi  National  Accelerator  Laboratory 
(Fermilab)  in  the  USA,  where  it  will  serve  in  another 
charm  experiment  (E743)  with  800  to  1000  GeV  proton 
beams  supplied  by  the  Tevatron. 

Planning  was  started  for  adapting  the  configura- 
tion of  EHS  for  the  oxygen-ion  experiment  NA36, 
scheduled  for  1986. 


Detectors  for  Proton- Antiproton 
Collider  Experiments 

The  proton -anti  proton  collider  experiments 
UA1,  UA2,  UA4  and  UA5  have  been  taking  data, 
from  time  to  time,  since  the  second  half  of  1981 . 

New  physics  results  from  proton-antiproton  col- 
lider experiments  are  described  in  the  EP  chapter  of 
this  Annual  Report,  while  some  aspects  of  the  new  ac- 
celerator technique  are  presented  in  the  PS  chapter. 

Having  in  the  past  been  involved  in  the  design, 
construction  and  operation  of  the  detectors,  EF  Divi- 
sion is  now  participating  in  the  respective  upgrading 
programmes  of  experiments  UA1  and  UA2,  and  in 
some  improvements  to  UA4  and  UA5. 


European  Hybrid  Spirometer 
with  the  Bubble  Chamber  LEBC 

The  European  Hybrid  Spectrometer  (EHS)  com- 
prises a  wide  range  of  detectors  for  identification  and 
momentum  measurement  of  charged  particles  and  for 
the  determination  of  the  energy  of  the  neutrals.  In 
1984,  EHS  was  operated  with  the  LExan  Bubble 


Experiment  UA1 

The  centra]  detector  of  experiment  UA1  is  a  cy- 
lindrical dnft  chamber  in  a  magnetic  field  of  0.7  tesla, 
around  which  is  a  scintillator  calorimeter  for  elec- 
tromagnetic shower  detection  ('gondolas').  Hadron 
calonmetry  is  integrated  into  the  magnet  yoke  and 
there  are  also  muon  chambers  and  other  equipment. 
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Detector  improvements  carried  out  in  the  first 
part  of  the  year  were  principally  the  incorporate;:,  of 
new  walls  of  magnetized  iron,  equipped  with  Iarocci 
tubes,  for  additional  filtering  of  muoos,  and  the  in- 
stallation of  complementary  muon  chambers  in  the 
forward  direction.  The  central  detector  electronic  sys- 
tem has  been  equipped  with  a  double  buffer  permit- 
ting parallel  read-out,  to  allow  the  detector  to  operate 
efficiently  at  the  increasing  luminosity  of  the  collider. 
A  micro  vertex  chamber,  a  pressurized  cylindrical  drift 
chamber  directly  surrounding  the  beam  tube  of  the  ac- 
celerator, is  in  preparation.  Other  development  work 
in  hand  concerns  the  envisaged  replacement  of  the  pre- 
sent electromagnetic  shower  detector  by  a  calorimeter 
incorporating  uranium -238  ('depleted  uranium')  as  the 
predominant  conversion  material. 


Experiment  UA2 

The  detector  of  experiment  UA2  consists  of  a 
vertex  detector  (4  proportional  and  2  drift  chambers 
and  a  pre-shower  counter  for  track  pattern  recognition 
and  ionization  measurements),  a  highly-segmented 
electromagnetic  calorimeter  (lead  glass)  without  mag- 
netic field,  hadron  calorimeters  in  the  central  region, 
and  magnetic  spectrometers  (toroids)  in  the  forward 
and  backward  cones. 

The  improvement  programme,  approved  in  1984 
by  the  Research  Board,  mainly  envisages  the  closure 
of  the  calorimeters  in  the  forward  direction.  Thus  the 
f</fward  spectrometers  will  be  replaced  by  segmented 
end -cap  calorimeters  Oead-scmtiuator  and  iron-scintil- 
lator  sandwiches  for  electromagneuc  and  hadronic 
showers).  The  design  of  these  calorimeters  has  been 
completed. 

Tests  have  been  carried  out  in  view  of  the  planned 
incorporation,  in  1985,  of  a  silicon  pad  counter  in  the 
ertex  detector.  A  new  beam  tube  of  reduced  diame- 
ter, in  beryllium,  will  be  provided  by  SPS  Division. 

A  scintillating- fibre  detector  for  the  upgraded 
vertex  detector  appears  to  be  feasible  (see  paragraph 
Detector  Developments).  Further  improvements 
planned  for  the  start-up  of  the  new  antiproton  ac- 
cumulator ACOL  in  1987  are  a  micro  vertex  chamber, 
a  cylindrical  transition  radiation  detector,  and  end-cap 
pre-shower  chambers. 

A  Ring  Imaging  CHerenkov  detector  (RICH)  has 
been  installed  in  one  sector  (1/12  of  the  acceptance)  of 
the  magnetic  spectrometers,  to  explore  the  ex  pen  men- 
tal possibilities  of  this  new  deirrtor  system. 
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Experiments  UA4  and  UAS 

Experiments  UA4  and  UA5  are  situated  along 
with  UA2  at  intersection  point  4  of  the  SP?  collider.  A 
small  amount  of  technical  support  has  been  provided 
to  experiment  U  A4  (elastic  scattering)  which  wQl  make 
use  of  wire  chambers  and  silicon  microstrip  devices  in 
the  Roman  Pots  adjacent  to  the  UA2  area. 

The  detector  of  experiment  UA5  consists  essen- 
tially of  two  large  streamer  chambers  (each  ©"  m  x 
1.25  m  x  0.5  m),  a  set  of  trigger  hodoscopes,  and  six 
stereoscopic  cameras  which  take  pictures  of  the  cham- 
bers via  image  intensifiers.  Its  salient  feature  is  the  po- 
tential for  a  rapid  visual  survey  of  complex  events. 
The  detector  has  already  been  used  for  proton  - 
antiproton  physics  at  270  +  270  OeV. 

It  is  intended  to  extend  these  investigations  to 
much  higher  energies,  450  +  450  OeV,  with  the  SPS 
collider  operating  in  a  new  pulsed  mode.  Data  taking 
for  this  second-generation  experiment,  UA5/2,  wQl 
start  in  March  198S.  The  detector  has  been  revised  for 
this  run:  a  new  lead  converter  has  been  installed 
between  the  beam  tube  of  the  accelerator  and  the  up- 
per streamer  chamber,  replacing  the  former  lead-glass 
converter  located  inside  the  chamber. 


LEP  Experiments 

In  November  1982,  the  Resesrch  Board,  follow- 
ing the  recommendation  of  the  LEP  Experiments 
Committee,  approved  four  experiments  for  LEP: 
ALEPH  (Apparatus  for  LEpPHvsics), 
OPAL     (Omni- Purpose  Apparatus  for  Lep), 
L3         (Letter  of  intent  number  3),  and 
DELPHI  (DEtector  with   Lepton,   Photon  and 
Hadron  Identification). 

ALEPH  and  OPAL  are  sometimes  referred  to  as 
classical  experiments,  because  their  layout  conforms 
to  some  extent  with  trends  at  existing  colliders. 
ALEPH  plans  to  use  a  time-projection  chamber  as  the 
central  detector  and  a  lead  and  wire-chamber  sand* 
wich  calorimeter  as  the  electromagnetic  shower  coun- 
ter, the  two  surrounded  by  the  superconducting  coil  of 
the  magnet,  whose  iron  yoke  is  equipped  with  Iarocci 
tubes  and  which  doubles  as  a  hadron  calorimeter.  In 
OPAL,  the  central  detector  will  Se  a  cylindrical  drift 
chamber  and  the  electromagnetic  shower  counter  a 
lead-glass  calorimeter,  with  the  coil  of  the  magnet  in 
the  annular  space  between  them. 
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L3  emphasises  accurate  tracking  and  high  preci- 
sion in  energy  measurement  of  leptons,  aiming  at  a 
mass  resolution  better  than  2  in  diJepton  final  states. 
Notable  features  of  the  experiment  are  the  enormous 
sire  of  the  magnet  and  the  muon  detectors,  and  the  en- 
visaged use  of  a  calorimeter  incorporating  12000  Bis- 
muth Germanium  Oxide  (BGO)  crystals  for  elec- 
tromagnetic shower  detection. 

DELPHI  proposes  to  employ  the  novel  technique 
of  Ring  Imaging  CHerenkov  counters  (RICH)  for  bet- 
ter hadron  identification.  The  RICH  detectors  will  be 
installed  around  the  central  detector,  a  timc-projec- 
iion  chamber.  A  High-density  Projection  Chamber 
(HPC)  will  serve  for  electromagnetic  calonmetry.  All 
these  detectors  are  mounted  inside  the  superconduct- 
ing magnet  coil. 

EF  Division  is,  together  with  EP  Division,  in- 
volved in  all  four  experiments,  and  the  two  divisions 
are  jointly  developing  and  constructing  particular 
components.  EF  Division  is,  in  particular,  providing 
general  technical  support,  such  as  co-ordination  of  de- 
tector design,  preparation  of  the  CERN  infrastruc- 
ture, elaboration  of  the  installation  programme,  study 
of  safety  questions,  and  so  on.  A  LEP  interface  group 
was  formed  in  EF  tarly  in  1984  with  particular  res- 
ponsibility for  all  installation  problems  concerning 
these  experiments. 


Experimeot  ALEPH 

EF  Division  is  involved  m  work  on  the  cryogenic 
system  for  the  superconducting  magnet  (together  with 
CEN  Saclay)  and  with  EP  Division  and  many  of  the 
laboratories  of  the  collaboration  in  development  work 
on  the  iron  yoke  for  the  magnet  and  on  the  prototype 
Time-Projection  Chamber  (TPC)  of  the  central  detec- 
tor A  particular  EF  interest  is  the  electrostatic  field 
cage  which  establishes  an  extremely  unitorm  elec- 
trostatic field  over  the  volume  of  the  TPC. 

The  coil  and  the  magnet  yoke  have  been  ordered 
as  have  tools  and  materials  for  the  construction  at 
CERN  in  1985  of  the  field  cage;  all  other  important 
components  of  the  detector  are  in  the  tooling-up  stage 
for  the  massive  construction  effort  in  the  laboratories 
of  the  collaboration. 

A  substantial  effort  was  devoted  to  prototype 
tests  Two  examples  may  illustrate  this. 

A  key  problem  is  discriminating  between,  hadrons 
and  electrons.  Beam  tests  show  that  by  comparing  the 
energies  deposited  in  a  prototype  module  of  the  elec- 
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tromagnetk calorimeter  with  the  momentum  measured 
in  the  TPC,  rejection  ratios  of  1/1000  are  possible 
thanks  to  the  exceptionally  fine  granularir  of  this 
device. 

Another  key  problem  concerns  the  systematic 
error  of  a  TPC.  In  a  TPC.  particle  tracks  are  measured 
by  drifting  the  electrons  produced  by  the  track  parti- 
cles in  a  gas  over  a  distance  of  up  to  2  m  to  a  receptor 
plate  at  the  end  of  the  chamber,  where  the  positions 
and  arrival  times  of  the  electrons  are  measured,  per- 
mitting reconstruction  of  the  track  in  space.  Along  the 
drift  path,  distortions  are  introduced  by  irregularities 
in  the  electric  and  magnetic  fields,  which  must  be  ac- 
curately known  to  arrive  at  the  desired  precision  of 
better  than  0.1  mm.  The  drifting  was  studied  extensi- 
vely in  a  TPC  prototype  (known  as  TPC  90)  with  very 
good  results.  Since  the  original  TPC  (a  chamber  used 
at  SLAC,  USA)  experienced  some  drifting  problems, 
these  results  are  important  and  reassuring. 

A  calibration  system  for  the  TPC,  making  use  of 
three  light  beams  derived  from  a  single  laser  beam,  is 
being  developed. 

A  large  effort  is  engage*1  in  the  very  complex  elec- 
tronics and  computing  problems  posed  by  the  large 
number  of  data  channels  of  ALEPH.  Several  mono- 
lithic circuits  are  under  development.  The  on-line  elec- 
tronics, which  must  monitor  the  apparatus  and  con- 
trol the  flow  of  data,  is  absorbing  a  big  effort,  as  is  the 
development  of  the  off-line  software  which  must  re- 
duce the  raw  dau  cf  JO5  bvtes  per  event  to  the  uitima- 
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Flrure  3—Asxmbfy  of  tke  fvtt  jfcr  prototype  of  Ike  OPAL  Jet 
-     ■  r  (CEJW-127.07  94/ 


teiy  "elevant  quantities,  for  example  the  momentum  of 
a  particle  observed. 

A  full-size  model  of  one-eighth  of  ALEPH  has 
ocen  constructed,  largely  to  study  the  proMem  of  ac- 
commodating some  12000  cables  totalling  355  km. 


Experiment  OPAL 

In  preparing  the  OPAL  experiment  the  activities 
of  EP  and  EF  Divisions  concern  mainly  the  magnet, 
the  centra]  detector  and  the  support  structure  for  the 
lead 'glass  barrel  calorimeter. 

The  complete  iion  yoke  for  the  magnet  (weighing 
about  2400  tons)  has  been  ordered,  and  the  design  of 
the  coil  has  been  completed. 

After  tendering,  the  component  parts  of  the  lead- 
glass  calorimeter  have  been  partially  ordered. 

Concerning  the  central  detector,  two  'milestones' 
set  by  the  LEP  Experiments' Committee  have  been 
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passed.  First  a  prototype  Z  chamber  (which  measures 
the  axial  z  co-ordinates  of  tracks)  has  worked  very  sa- 
tisfactorily in  a  magnetic  field  of  up  to  ]  tesla.  Secondly 
a  full-size  prototype  of  two  complete  sectors  of  the  Jet 
chamber  (which  measures  radial  and  azimuthal  co- 
ordinates) has  been  built.  The  successful  operation  of 
this  prototype  has  proven  that  the  design  of  the  OPAL 
Jet  chamber  with  a  wire  length  of  4  m  is  technically 
sound.  In  a  preliminary  analysis,  tracking  accuracies 
between  100  and  150  micrometers  for  drift  distances 
up  to  16  cm  have  been  obtained  and  the  relative  z  reso- 
lution is  of  the  order  of  1  %.  Particles  are  identified  by 
sampling  their  ionization  up  to  160  times.  A  resolution 
in  dE/dx  of  3  to  4%  has  been  obtained.  A  detailed 
analysis  of  the  shape  of  the  chamber  pulses,  yielding  a 
double  track  resolution  of  2  mm,  is  achieved  by  using 
F ADC's  (Flash  Analogue-Digital  Converters).  Micro- 
processors working  in  parallel  have  been  shown  able 
to  cope  with  the  enormous  data  flow  produced  by  this 
technique. 
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In  conclusion  all  results  obtained  so  far  are  well 
in  feasance  'vith  the  expected  values,  and  the  con- 
struction phvte  of  the  central  detector  has  started. 

Experiment  13 

In  1984  the  design  of  most  of  the  U  detectors  *as 
finalized.  Construction  of  the  U  magn«t  coil  started 
and  major  orders  were  placed  for  the  magnet  poles.  In 
addition,  4  cranes  and  4000  of  the  12000  BGO  crystals 
were  ordered.  The  assembly  and  installation  sequence 
of  the  detector  was  studied  in  detail  and  solutions 
adopted  for  many  infrastructure  problems. 

A  detailed  stress  analysis  and  discussion  with  po- 
tential manufacturers  of  the  35  m  long,  4.4  m  wide  de- 
tector support  tube,  led  to  a  simplified  design  combin- 
ing cheaper  construction  and  faster  installation  with 
smaller  dt.lections  under  the  weights  of  the  detectors. 
At  the  same  time  the  mechanical  design  and  installa- 


tion  sequence  of  the  set  of  detectors  inside  and  around 
the  support  tube  were  examined  in  order  to  minimize 
the  installation  time.  The  EP-L3  design  team  also 
helped  to  finalize  the  mechanical  structure  of  the  bar- 
rel part  of  the  hadron  calorimeter,  which  will  consist 
of  144  stainless  steel  housings,  arranged  in  9  rings 
around  the  BGO  electromagnetic  shower  counter. 
Each  module  will  contain  58  uranium  plates  5  mm 
thick,  shielded  on  both  sides  by  1  mm  of  copper. 
Readout  is  by  wire  chamber  planes  grouped  into  more 
than  20000  electronic  towers'. 

The  infrastructure  design  work  concentrated  on 
the  final  definition  of  civil  engineering  parameters  for 
the  underground  experimental  area  and  surface  build- 
ings. A  l/20th-scale  wooden  model  was  built  to  better 
understand  spac  requirements  for  services  and  shield- 
ui|  problems.  In  particular,  shielded  counting  houses 
situated  at  both  ends  of  the  experimental  cavern  with 
independently  shielded  accesses  were  developed.  The 
final  arrangements  of  the  cranes  in  the  experimental 
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area  and  surface  halls  were  defined  and  a  purchase 
agreement  for  these  cranes  was  established  between 
t!.e  LI  collaboration  and  CERN. 

The  coil  of  the  L3  magnet  is  a  water-cooled, 
octagonal  solenoid  of  168  windings  which  will  be  ope- 
rated at  a  current  of  30000  A.  The  coil  is  manufac- 
tured at  CERN  from  6  cm  thick  and  90  cm  wide  alumi* 
mum  plates  by  electron-beam  welding.  For  transport 
reasons,  only  half  turns  are  produced  as  a  first  step. 
By  the  end  of  1984,  92  out  of  a  total  336  halMums 
were  completed. 

The  magnet  coil  will  be  housed  in  a  90  cm  thick 
iron  casing  for  increased  Held  strength,  better  homo- 
geneity and  reduced  stray  Held.  This  casing  will  consist 
of  an  assembly  of  precisely -made  pole  elements  (1 100 
tons);  it  will  be  Tilled  with  simple  iron  bars  and  plates 
(5500  tons).  The  poles  incorporate  huge  swinging 
doors  for  access  to  the  muon  chamber  volume.  The 
first  300  tons  of  steel,  supplied  by  the  Soviet  Union, 
were  received  by  the  end  of  the  year.  The  design  of  the 
pole  structure  was  finalized,  the  strength  calculations 
were  reviewed  by  outside  experts,  and  a  manufacturer 
was  selected  after  world-wide  tendering. 


Experiment  DELPHI 

EF  Division  is  working oq  £e  'end-cap'  sectors  of 
the  Time-Projection  Chamber  frPC)  which  will  serve 
as  the  DELPHI  central  <etector  jn  the  cylindrical 
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part  ('barrel')  of  the  RICH  and  on  the  cylindrical  part 
('barrel')  of  the  ekctromagnetk  calorimeter,  a 
High-density  Projection  Chamber  (HPC).  The  divi- 
sion is  also  involved  in  the  cryogenic  system  for  the 
superconducting  magnet. 

Work  on  the  TPC  embraced  beam  tests  of  a 
half -scale  prototype,  high-voltage  tests  of  a  full-scale 
plate  sector  in  EF  Division,  improvement  of  the 
efficiency  near  the  edges,  further  studies  of  fabrica- 
tion details,  digitizer  comparisons,  and  trigger  system 
design. 

Beam  tests  and  simulation  studies  led  to  a  new 
circular  arrangement  for  the  cathode  read-out  pads; 
this  geometry  provides  a  spatial  resolution  similar  to 
that  offered  by  the  standard  rectilinear  geometry, 
while  avoiding  cumbersome  wire  pulse-height  correc- 
tions. Design  details  were  frozen  and  production  is  be* 
ing  prepared. 

In  the  matter  of  digitizers,  a  detailed  comparison 
was  carried  out,  in  collaboration  with  CEN  Saclay, 
between  CCD  ('Charge-Coupled  Device')  and  8-bit 
FADC  ('Flash  Analogue-Digital  Converter')  systems. 
CCD  systems  digitize  fast  analogue  signals  by  tempo- 
rarily storing  them  in  an  analogue  buffer  register  (the 
CCD),  whence  subsequent  digital  read-out  can  take 
place  by  sampling  at  reduced  speed.  The  FADC 
achieves  its  high  speed  by  carrying  out  simultaneous 
comparisons  of  the  signal  amplitude  with  a  large  num- 
ber of  stored  reference  signals,  thus  avoiding  the  need 
to  store  the  analogue  signal. 
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In  collaboration  with  BP  and  DD  Divisions,  a 
crate  controller  and  a  memory  module  for  the  new 
FA5TBUS  data  transmission  system  were  developed. 
Standard  modules  were  purchased  and  tested.  A 
370/E  emulator  supplied  by  the  Rutherford -Applcton 
Laboratory  (RAL)  has  been  installed  and  is  under 
evaluation  for  both  on-line  and  off-line  applications. 

The  prototype  of  the  barrel  RICH— containinf 
three  full-length  drift  modules— has  produced,  in  a 
test  beam,  first  ring  i mutes  from  both  liquid  and  gase- 
ous radiators.  Numerous  studies  were  earned  out  in 
parallel  w*th  the  beam  tests.  For  some  of  these,  a  full- 
length  test  system  was  constructed  and  operated  suc- 
cessfully with  200  kV  drift  voltage.  Single  electrons 
were  produced  by  a  laser  beam  and  detected  both  on 
anode  wires  and  cathode  strips  with  full  efficiency. 
Other  apparatus  has  been  realized  to  investigate  the 
flow  of  the  TMAE  (tetrakts-dimethylamino-ethylene) 
vapour  used  in  the  Ring  Imaging  CHerenkov  coun- 
ters, outgassing  of  materials  and  reactions  with 
TMAE. 

Tests  of  full-size  prototype  sub-units  of  the  elec- 
tromagnetic barrel  converter  have  been  carried  out  in 
particle  beams  at  DESY  and  CERN. 

Many  details  of  the  infrastructure  for  the 
experimental  area  have  been  studied,  and  full-scale 
models  constructed  for  detector  and  cable  layout.  De- 
tails of  the  cryogenic  system  for  the  solenoid  have 
been  deHned  in  collaboration  with  RAL. 

DELPHI  contains  an  unprecedented  number  of 


different  detector  components  and  therefore  gas  sys- 
tems. Standardization  and  high  reliability  are  manda- 
tory. The  design  principle  for  a  standard  gas  system 
and  its  microprocessor  control  has  been  worked  out. 


Technical  Support  (or  die 

Co  attraction  of  (be  LEP  Machine 

EF  Division  participates  in  various  technical 
activities  related  to  the  construction  of  the  LEP 
machine,  for  example  in  the  vacuum  programme 
(devdopmem  cf  lead  shielding  techniques  for  the 
vacuum  chamber  and  tests  of  various  kinds),  the  mag- 
net programme  (magnetic  field  measurements),  and 
the  geodetic  survey  programme.  A  major  effort  goes 
into  the  development  of  superconducting  RF  cavities; 
these  may  allow  the  beam  energy  of  LEP  to  be  increas- 
ed considerably  in  later  phases  of  the  project. 


Lead  Cladding  of  LEP  Vacua  Chambers 

The  LEP  beam  tube  is  to  be  encased  in  lead 
cladding  to  absorb  the  synchrotron  radiation  emitted 
by  the  electron  and  positron  beams. 

EF  Division  has  continued  to  participate  in  the 
development  0f  the  cladding  technology.  Based  upon 
the  experience  gained  earlier  with  a  12  m  long  pro- 
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totype  hydraulic  prea*  for  dipole  chambers,  1 4  m  loo* 
hydraulic  press  for  quadrupole  chambers  of  improved 
design  was  constructed.  This  press  is  suitable  Cx  pro- 
duction work,  and  a  number  of  quadrupole  chambers 
was  satisfactorily  dad  with  it.  The  successful  tenderer 
for  the  cladding  of  all  the  LEP  vacuum  chambers  deci- 
ded to  purchase  it  from  CERN,  for  use  as  a  produc- 
tion tool  for  the  lead  cladding  of  all  the  quadrupole 
chambers.  The  same  company  is  now  constructing  two 
12  m  long  hydraulic  presses,  using  the  same  basic  tech- 
nology, for  the  cladding  of  the  dipole  chambers. 


HcM  Mapping  of  LEP  Dipok  Magnets 

The  Division  carries  out  magnetic  field  measure- 
ments as  part  of  general  quality  control  during  fabri- 
cation of  the  bending  magnets  of  the  LEP  accelerator. 

The  construction  of  the  automatic  measuring 
machine  was  finished  on  schedule  in  July,  and  the 
measurement  rate  reached  its  full  value  of  2.5  magnets 
per  week  measured  with  satisfactory  precision  by 
November. 


Automation  of  surveying  Instruments 

A  mixed  EF/LEP  team  is  working  on  the  auto- 
mation and  improvement  of  several  surveying 
instruments  intended  for  use  tn  constructing  and 
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equipptiig  the  LEP  accelerator  tunnels  and 
experimental  areas 

DISTINVAR,  the  first  instrument  to  be  fully 
developed,  able  to  measure  distances  from  0.4  to 
50  m  with  a  resolution  of  2  micrometres,  is  now  in 
series  production  with  pnvau,  industry  Early  produc- 
tion models  are  entirely  satisfactory. 

Two  prototypes  of  a  gyro-theodolite  able  to  indi- 
cate true  North  with  a  precision  of  10  centesimal 
seconds  of  arc  (about  16  microradians)  in  less  than  a 
quarter  of  an  hour  are  performing  correctly.  The 
production  of  a  series  of  instruments  by  European 
industry  will  start  shortly. 

An  instrument  for  measuring  differences  in  level 
between  two  points  up  to  50  m  apart  with  a  precision 
of  10  micrometres  is  under  development. 

The  prototype  for  an  autdnomous  portable  data 
acquisition  system  is  neanng  completion. 

All  the  instruments  mentioned  above  use  the  same 
ultra-compact  microprocessor  card  which  consumes 
very  little  power  and  which  can  be  programmed  in 
BASIC;  this  card  is  now  produced  industrially. 


Superconducting  RF  Accelerating  Cavities 

The  development  of  superconducting  RF  accele- 
rating cavities  for  LEP  continued  throughout  1984. 

A  five-cell,  500  MHz  cavity  previously  tested  at 
the  PETRA  storage  ring  at  DESY,  Hamburg,  where  it 


Fiptft  IO—Fouf<eU,  S50  MHz  suptrconductixx  cavity  for  LEP  with 
coupUnf  ports  located  at  beam  tubes 


reached  a  field  of  2.8  MV/m,  was  given  its  first  com- 
plete chemical  polishing,  whereupon  a  field  of 
5  MV/m  with  a  quality  factor  ('Q-vaJue')  of 
10*  was  obtained.  This  test  confirmed  that  the  field  li- 
mitations previously  observed  were  due  only  to  imper- 
fections in  the  chemical  treatment  process  and  not  to 
specific  problems  of  the  multi-cell  configuration. 

In  single-cell  500  MHz  cavities  manufactured 
from  niobium  sheet  material  of  increased  thermal 
conductivity,    accelerating    fields    greater  than 

9  MV/m  (up  to  13  MV/m)  were  repeatedly  achieved. 
The  results  indicate  that  the  achievable  fields  scale  ap- 
proximately with  the  square  root  of  the  thermal  con- 
ductivity. 

Effort*  were  then  concentrated  on  larger  cavities, 
operating  at  350  MHz,  the  LEP  frequency.  In  a  single- 
cell  350  MHz  cavity,  an  accelerating  field  of 
10.3  MV/m  was  reached,  with  a  Q-value  of  4  x  10*  at 
idv    .id  end  1 .8  x  109  at  maximum  field. 

mi  view  of  the  beneficial  influence  of  a  high  ther- 
mal conductivity  of  the  wall  material  on  the  perform- 
ance of  the  cavity,  the  development  of  copper  cavities 
sputtered  with  a  thin  layer  of  niobium  was  actively 
pursued.  In  a  singl*-ceU  500  MHz  cavity,  fields  up  to 

10  MV/m  were  reached  without  any  sign  of  thermal 
breakdown.  Present  studies  are  concerned  with  the  ob- 
served degradation  of  the  Q-value  at  such  high  fields. 

The  design  of  a  cavity  for  LEP,  with  all  couplers 
located  at  the  beam  tube,  has  been  finalized.  Design 
work  on  fundamental  mode  couplers,  higher -order 
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mode  couplers  and  tuning  systems  is  in  hand.  Hon* 
zontal  test  cryostats  for  multi-cell  cavities  with  a  sim- 
plified layout  matched  to  the  requirements  of  LEP  are 
under  construction. 

Study  contracts  placed  with  industry  for  the 
development  of  compact  helium  refrigerators  suitable 
for  installation  in  an  accelerator  tunnel  have  led  to 
very  satisfactory  results. 

A  one-week  Workshop  on  RF-Superconductivity 
was  organized  in  July  at  CERN  by  ihe  EF/RF  Group. 


Cryogenics 

Cryogenic  activities  in  EF  Division  are  very  wi- 
despread, covering  operation  of  cryogenic  detectors 
such  as  bubble  chambers  (BEBC  and  LEBC)  and  of 
sup*,  inducting  detector  magnets  (Omega,  experi- 
ments WA75/78  ct  NA3),  cooling  of  polarized  targets, 
development  of  cooling  systems  for  LEP*  detector 
magnets,  studies  and  technical  support  for  the  cooling 
of  superconducting  cavities,  participation  in  tests  in- 
volving cryogenic  techniques  of  all  kinds,  production 
and  supply  of  cryogenic  fluids  and  participation  in 
theoretical  studies  for  future  superconducting 
accelerators. 

A  notable  event  in  1984  was  the  commissioning  of 
a  new  helium  compressor.  While  all  compressors 
hitherto  used  at  CEPN  are  of  the  reciprocating-pislon 
type,  the  new  machine  is  a  screw  compressor  with  oil 
injection.  Being  a  rotary  machine,  it  is  vnually 
vibration-free  and  can  be  installed  without  founda- 
tions. With  suitable  measures  for  sound-proofing,  it 
can  even  be  located  inside  an  experimental  hall,  a  fea- 
ture very  desirable  for  flexibility  in  the  layout  of  ex- 
periments. The  new  compressor  was  in  fact  installed  in 
the  West  Experimental  Hall,  where  it  operated  in  the 
cooling  system  of  the  vertex  magnet  of  experiments 
WA75/78.  CERN  is  principally  interested  in  gaining 
practical  experience  concerning  long-term  reliability  of 
the  lubricating  oil  removal  system. 

Performance  tests  with  various  cold  gas  turbine 
nozzles  have  been  carried  out  on  one  of  the  North 
Area  refrigerators,  in  view  of  a  possible  adaptation  of 
this  type  of  plant  to  the  needs  of  the  superconducting 
magnets  of  LEP  experiments. 

Experience  with  microprocessor-based  controls 
for  cryogenic  refrigerators  was  very  satisfactory,  and 
existing  refrigerators  are  being  modified  to  make  full 
use  of  the  new  technique. 
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Central  helium  liquefiers  rdiqueficd  about 
150000  litres  of  helium  used  on  the  Meynn  site  and 
160000  litres  of  helium  used  on  the  Prevessin  site. 
About  2.4  nvllion  litres  of  liquid  nitrogen  and  21000 
litres  of  liquid  hydrogen  were  purchased  from  outside 
supplies  and  delivered  to  the  users. 


Detector  Developments 

This  chapter  summarizes  a  number  of  current 
developments  in  particle  detectors,  usually-undertaken 
with  a  specific  application  in  view. 

Tests  have  b^n  carried  out  on  a  novel  track  de- 
tector constructed  as  a  matrix  of  optical  fibres  made 
out  of  scintillating  material.  Tracks  are  recognised  by 
noting  the  scintillation  engendered  in  those  fibres 
which  the  primary  ionizing  particle  traverses.  An 
opto-electric  system  intensifies  the  light  signals  where- 
upon the  fibres  giving  rise  to  signals  are  identified 
electronically.  Scintillating  fibre  bundles  both  in  glass, 
with  fibre  diameters  10  micrometres,  and  in  polysty- 
rene (fibre  diameters  1  mm)  have  been  tried.  Once  the 
feasibility  of  the  idea  had  been  demonstrated,  effort 
was  concentrated  on  developing  a  detector  for  experi- 
ment UA2,  using  1  mm  polystyrene  ubres. 

Early  tests  on  detecting  the  light  emitted  along  a 
track  in  a  wire  chamber  developed  by  EP  division  have 
been  undertaken,  using  a  sensor  consisting  of  an  ob- 
jective lens,  an  image  intensifier  and  a  light-sensitive 
CCD. 

A  micro-vertex  system  for  experiment  WA71  in 
the  Omega  spectrometer  has  been  completed  and  suc- 
cessfully used.  It  consists  of  five  'sandwiches1  each 
with  two  silk  n  diode  microstrip  detectors  of  512  ac- 
tive elements  (26  mm  x  26  mm  total  active  area).  In 
view  of  the  application  of  silicon  detectors  in  col- 
liding.beam  experimerts,  long-term  radiation  effects 
and  detector  reliability  have  received  particular  atten- 
tion. A  preliminary  study  has  shown  that  an  *inverted, 
structure  is  more  radiation-resistant.  In  this  arrange- 
ment, the  segmented  pattern  is  made  on  the  ohnv<- 
contact  side  of  the  silicon  wafer,  instead  of  on  the 
rectifying  side. 

An  investigation  into  the  feasibility  of  a  miniatur- 
ized detector  read-out  system  using  a  Charge-Coupled 
Device  (CCD)  has  been  completed  in  collaboration 
with  industry.  A  computer-controlled  test  facility  for 
CCD's  is  used  to  measure  the  performance  of  pro- 
totype devices. 
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Figure  II— Assembly  of  mkrostnp  detectors  end  mk 
circuits  in  a  smalt  clean  room  facility  (CERN-162  01  SSJ 


A  thick- film  hybridized  four-channel  adjustable 
threshold  discriminator  (MSD3)  has  been  produced  in 
collaboration  with  DD  and  SB  Divisions.  Several 
thousand  of  these  circuits  have  been  manufactured  by 
industry,  principally  for  experiment  NAM. 


Film  Processing,  Scanning,  and 
Measurement 

The  division  was  involved  in  1984  in  the  proces- 
sing, scanung  and  measurement  of  all  film  and  most 
nuclear  emulsion  from  CERN  track  detectors. 

The  film-processing  service  treated  about  1 100 
km  of  film  from  bubble  and  streamer  chambers,  and 
joined  with  EP  Division  in  processing  emulsion  from 
the  experiments  WA7!  and  WA75.  Tests  with  plastic 
track  detectors  are  under  way,  and  early  work  for 
experiments  EMU 01,  EMU02  and  EMU03  was  under- 
taken. 

In  1984  the  ERASME/Bessymatic  system  con- 
tinued the  analysis  of  film  from  BEBC,  EHS,  and  the 
streamer  chamber  of  experiment  UA5. 

The  BEBC  experiment  WA21  (wideband  neu- 
trino and  antineutrino  beams;  hydrogen  in  the  bubble 
chamber)  had  its  final  run  in  1983.  It  produced  a  total 
of  210000  pictures.  CERN's  share  of  about  40000  pic- 


tures was  scanned  twice  and  about  5000  measurements 
made  on  ERASME.  For  a  precise  determination  of  the 
antineutrino-proton  crocs-section  special  scans  had  to 
be  made  seeking  single  mucins  originating  in  the  cham- 
ber liquid  ('one-prongs').  This  was  achieved  with  the 
excellent  efficiency  of  95%  using  predictions  from  the 
EMI/IPF  system  to  drive  the  Bcssymatk  tables  to  the 
point  on  the  film  where  the  muon  was  predicted  to 
leave  BEBC. 

A  total  of  120000  pictures  taken  in  1983  and  1984 
by  the  EHS  experiment  NA27  with  the  LEBC  jubble 
chamber  was  scanned  twice  in  1984;  scanning  for  this 
experiment  will  continue  in  1985.  The  main  aim  is  to 
select  events  involving  one  or  two  decays  of  charmed 
particles  and  4500  candidates  were  found  and  passed 
on  to  ERASME  for  high-precision  measurements. 
Event-finding  during  scanning  is  LeJped  by  predictions 
from  beam  monitors  which  are  fed  through  to  the  Bes- 
symatic  tables. 

The  analysis  of  film  taken  by  experiment  UA5  in 
1982  was  completed. 

The  improvements  to  the  film/hologram  scanning 
and  measuring  machine  HOLMES  were  completed  at 
the  beginning  of  the  year  yielding  better  reliability, 
flexibility  and  speed.  HOLMES  went  on  to  complete 
the  analysis  of  some  9000  holograms  from  the  bubble 
chamber  HOBC  taken  in  1982  for  experiment  NA25. 
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Data  Handling  Division 


Introduction 

The  computing  requirements  for  the  LEP  era  ire 
such  that  CERN's  computing  facilities  need  to  be 
greatly  extended.  Based  on  studies  which  took  place 
during  1982  and  in  early  1983,  an  overall  plan  was 
established  in  spring  of  this  year,  which  covered  the 
necessary  increase  in  centralized  computing  power  as 
well  as  the  needs  for  data  communications  and  for 
on-line  computing.  This  year's  efforts  were  concen- 
trated on  reJiztn*  the  first  steps  towards  a  substantial 
increase  of  computing  power  in  the  Computer  Centre. 
After  successful  negotiations  with  mainframe  manu- 
facturers, in  October  the  Finance  Committee 
approved  the  purchase  of  a  Siemens  7890-S.  This  dual 
processor  machine  has  four  times  the  capacity  of  the 
present  7880  and  will  replace  it  early  in  1985.  An 
agreement  of  principle  was  also  reached  for  a  similar 
upgrading  of  the  IBM  machine. 

Following  the  installation  of  a  CYBER  170/835 
and  a  170/675,  the  CDC  7600  was  definitively 
powered -off  in  the  summer,  after  12'4  years  of  faith- 
ful service.  Ia  functions  are  now  completely  taken 
over  by  the  875,  which  is  delivering  double  the  7600 
capacity  on  a  regular  basis. 

Th?  IBM/Siemens  systems  continued  to  perform 
extremely  wcU  during  1984.  The  reliability  of  the 
Siemens  7880  has  been  excellent,  and  not  a  single 
hardware  failure  occurred  in  the  machine  during  the 
year.  A  new  record  was  achieved  for  the  number  of 
jobs  (34000  jobs  in  one  week). 

Preparations  for  the  introduction  of  an  inter- 
active  user  service  on  the  IBM/Siemens  complex 
required  a  major  effort  this  year.  The  VM/CMS 
operating  system  was  introduced  on  an  experimental 
basis  for  selected  users.  The  services  of  VM/CMS  will 
be  made  generally  available  in  progressive  stages  dur- 
ing 1985. 

In  the  data  communications  domain,  a  steady 
increase  of  demands  and  of  services  has  been 
observed.  CERNET  connections  now  exceed  100; 
more  than  100  new  terminals  were  installed,  and 
10000  calls  per  month  are  being  made  on  the  Swiss 
public  network,  to  access  CERN's  computers  via  the 
External  Terminal  Access  SErvice  (EXTASE).  A  first 
ETHERNET  Local  Area  Network  was  set  up  in  the 
Division  and  a  small  on*»te  X-25  network  was  esta- 
blished. The  General  Internetwork  for  File  Transfer 
(GIFT)  project  is  well  under  way.  A  main  node  for  the 
European  Academic  and  Research  Network  (EARN) 
was  installed;  EARN  will  eventually  link  more  than 


100  European  institutes  together  and  to  the  American 
network  BITNET. 

The  PRIAM  VAX,  running  the  UNIX  operating 
system,  went  into  full  production  for  microprocessor 
support.  The  complete  range  of  cross-software  for  the 
Motorola  68000  processor  U  available  on  this  ma- 
chine, including  compilers  for  FORTRAN,  Moduk  2, 
Pascal,  and  C,  and  the  M68MIL  assembler.  The  sym- 
bolic debugging  monitor  MoniCa  is  installed  on  a 
considerable  number  of  different  hardware  configu- 
rations. 

A  new  generation  of  interactive,  relational  data- 
base management  systems  was  introduced  a  few  years 
ago  with  the  installation  of  ORACLE.  This  type  of 
system  is  now  seen  to  have  fulfilled  its  promise  of 
allowing  users,  who  may  have  little  or  no  experience  in 
computing,  to  develop  applications  themselves. 

Personal  Work  Stations  of.  the  Apollo  type  are 
becoming  more  widely  used,  and  this  year's  efforts 
were  concentrated  on  their  integration  into  the  CERN 
programming  environment.  Different  projects  for 
their  integration  into  the  physics  environment  have 
been  started  in  collaboration"  with  physicists  from 
CERN  and  outside  institutes. 

In  the  field  of  the  off-line  programming  support, 
the  expected  shift  of  effort  from  SPS  experiments  to 
LEP  experiments  took  place.  The  accent  on  the  type 
of  support  given  has  also  shifted  over  the  recent  years, 
from  mainly  writing  and  testing  algorithms  (track 
finding,  track  fitting,  etc)  to  more  computer-oriented 
aspects  such  as  the  design  o*  adaptable  programs,  the 
development  of  general  programs  for  event  simulation 
and  presentation,  and  the  development  of  general 
tools  (especially  for  interactive  use).  The  algorithms 
themselves  are  written  more  and  more  by  the  physi- 
cists taking  part  in  an  experiment.  These  developments 
in  fact  make  good  use  of  the  experience  of  the  Divi- 
sion's professionals. 

The  Division  continued  to  be  active  in  the  appli- 
cation of  graphics  to  help  solve  physics  problems. 
PIONS,  developed  in  the  Division,  will  evolve  into  the 
interactive,  real-time  3D  graphics  system  for  the  LEP 
collaborations.  Clearly,  the  success  of  this  type  of 
graphics  in  the  UA1  context  has  had  a  strong  impact 
on  LEP  physicists.  On  the  other  hand,  the  introduc- 
tion of  a  full  implementation  of  the  ISO  Graphics 
Kernel  Standard  (GKS)  ha)  started,  which  will  allow 
us  to  profit  from  the  availability  of  a  large  spectrum 
of  hardware  and  software. 

For  on-line  computing,  the  emphasis  h*s  been  on 
support  for  32-bit  machines,  and  the  ND-100  is  now 
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Figure  l~  A  departure  (the  CDC  7600  in  Us  crate.  Just  prior  to 
leaving  the  Hit)  (CEXN-353.12  84) 


Figure  2—  and  «i  arrival  The  Siemens  7890  rrpi+.*j  the  Siemens 
7880  e  few tUys bejort Chnstmea  1 984.  (CERN-341  1284) 


the  only  1 6- bit  computer  where  software  development 
is  not  yet  entirely  frosen. 

The  needs  of  the  LEP  experiments  for  on-line 
software  in  the  production  environment  are  at  present 
under  study. 

CAMAC-to-FASTBUS  interfaces  have  become 
available,  supported  by  a  standard  software  package; 
also,  a  number  of  VME-bascd  test  systems  are  in  use, 
mainly  for  the  development  of  FASTBUS  modules  in 
the  EP  Division. 

Two  prototypes  of  the  3081  /E,  the  new  emulator 
of  the  IBM  3081,  were  constructed  at  SLAC  and  at 
CERN;  they  were  debugged  simultaneously  and  put 
nto  operation.  The  construction  of  a  small  produc- 
tion series  of  tb*  machine  has  started.  A  pilot  project 
to  build  an  emulator  farm,  with  five  machines  for 
off-line  processing,  has  started.  This  project  should 
prove  that  part  of  the  additional  computing  power  for 
the  LEP  era  can  oe  obtained  using  cheap  emulators. 


Central  Computing  Services 
CDC  Services 

Aftrr  12%  years  of  service,  in  June  the  CDC  7600 
reached  the  end  of  its  life  at  CERN,  having  achieved 
an  availability  of  96.4%  and  an  MTBI  of  38  7  hours 
since  the  beginning  of  the  year. 


Initially  used  as  front-ends  to  the  CDC  7600,  the 
CYBER  875/835  twin  system  took  over  the  whole 
CDC  production  as  of  this  summer,  after  user  con- 
version to  NOS/BE  had  been  successfully  completed. 

Availability  of  the  875  has  been  at  96.6%  for  the 
year,  with  at.  MTBI  of  50.7  hours.  On  the  average,  the 
machine  processed  6328  jobs  per  "eek  for  199.4  hours 
o.  user  CPU  (which  corresponds  to  712  IBM  168  equi- 
valents), with  records  over  the  period  of  10761  jobs 
and  277.7  CPU  hours  (-  991  IBM  16S  equivalent 
hours)  in  a  week.  The  reliability  of  the  new  systems 
has  been  dis'.ppointing,  but  corrective  measures  taken 
by  CDC  /xmld  bring  about  an  improvement  in  1985. 

For  the  system  software,  the  main  emphasis  was 
on  the  implementation  of  required  features  (file  table 
expansion,  multi-file  tape  staging,  charging,  SPY, 
GEMINI),  and  on  trouble-shooting.  Work  has  also 
started  on  the  conversion  to  INTERCOM  5  in  order  to 
rc^Uce  the  old  CERN  multiplexers  for  INTERCOM 
with  standard  CDC  hardware.  The  Program  Enquiry 
Office  made  a  major  effort  in  user  conversion,  giving 
seminars,  producing  a  users'  guide  and  providing  indi- 
vidual help  to  many  groups. 

Migration  of  the  full  CERN  Program  Library 
from  the  CDC  7600  to  the  NOS/BE  operating  system 
on  the  CYBER  875  wv«  completed.  The  appropriate 
short  and  long  write-ups  were  modified.  Programs 
were  written  or  modified  for  the  transfer  of  account- 
ing functions  from  the  CDC  7600  Scope  10  to  the 
CYBER  875/835  NOS/BE  systems. 
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IBM  and  Siemens  Services 

The  performance  of  the  IBM  3081  system  during 
this  penod  has  been  very  good,  with  an  availability  of 
99  4ft  and  an  MTBI  of  202.4  hours.  These  figures  are 
very  similai  to  those  of  the  corresponding  period  last 
year,  but  unfortunately  more  unscheduled  hardware 
incidents  occurred. 

The  peiiormance  of  the  Siemens  7880  system  has 
again  been  excellent,  with  an  availability  of  99.7 ft,  an 
MTBI  of  214  hours,  and  no  hardware  failures. 

The  major  upgrades  have  been  on  the  IBM  3081, 
with  the  installation  of  an  additional  8  Mbytes  of 
memory  and  8  channels  in  order  to  provide  a  configu- 
ration which  is  better  balanced  to  cope  with  the  day- 
time load. 

It  should  be  recorded  that  whilst  tape  perform- 
ance has  been  generally  good  throughout  the  year,  the 
first  signs  of  user  unrest  are  appearing  as  the  work 
load  increases. 

The  average  weekly  work  load  figures  show  a 
slight  increase  in  the  number  of  CPU  hours  achieved 
(656.6  IBM  168  equivalent  hours)  and  a  big  increase  in 
the  number  of  jobs  run  (30054  jobs).  The  record  levels 
this  year  are  794.9  CPU  u:-rs  and  34252  jobs  in  one 
week. 

On  the  software  side  the  biggest  achievement  was 
the  introduction  of  a  new  version  of  JES2  in  August. 
About  14000  lines  of  local  modifications  had  to  be 
adapted  from  the  old  release  of  JES2,  which  had  been 
running  since  February  1980.  The  introduction  went 
quite  smoothly,  and  the  few  problems  that  appeared 
were  quickly  resolved.  The  main  features  of  the  new 
version  are  the  possibility  f*  je  high-capacity  disks 
(600  Mbytes)  for  spooling,  and  the  definition  of  up  to 
1000  nodes  in  the  Network.  The  latter  feature  will 
soon  be  exploited  by  the  European  Academic  Re- 
search Network,  which  will  link  hundreds  of  nodes  in 
Europe  and  the  USA  to  CERN. 

Another  area  of  activity  has  been  the  continued 
support  of  the  MVS/WYLBUR  service  where  there 
has  been  a  tremendous  growth  in  the  number  of  files 
created  In  fact  today,  34  000  more  files  are  supported 
than  was  the  case  12  months  ago,  corresponding  to  an 
increase  of  more  than  30ft.  This  phenomenon  creates 
a  high  pressure  around  space  administration  where 
audits  and  catalogues  increase  at  an  alarming  rat;. 

WYLBUR  ana  MILTEN  have  been  more  or  less 
stabilized,  and  effort  has  instead  been  put  into  the  pre- 
paration of  the  VM  service  which  is  now  targeted  to 
begin  next  year. 


VAX  Services 

A  further  three  VAXes  (all  11/750's)  were 
installed  during  1984.  One  of  these  was  i  provide 
extra  computing  power  for  the  LEP  data-base  project 
as  an  interim  solution,  one  for  SB  Division  for  office 
autoniation,  and  one  for  the  GIFT  project.  The  LEP 
data  base  and  CAD/CAM  1 1/780' s  are  scheduled  to 
be  upgraded  into  Il/785's  before  the  end  of  tne  year. 
The  planning  and  preparation  for  the  installation  of 
three  VAX  8600 'j  in  1985  has  been  i  major  activity 
during  this  year. 

Overall,  the  machines  have  performed  well,  with 
availability  above  99ft.  An  area  of  weakness  con- 
tinues to  be  the  peripheral  performance.  Steps  are 
being  taken  to  reduce  the  dependency  on  poorly  per- 
forming devices. 


Remote  Access  to  Central  Computers 

Remote  Batch  Service 

The  CTL  remote  batch  stations  have  continued  to 
work  smoothly  throughout  the  year.  The  two  stations 
in  Building  13  were  replaced  by  a  DIGITAL  1200 1pm 
printer  connected  to  a  local  VAX.  The  ISR  remote 
station  was  replaced  by  an  IBM  6670  laser  printer. 


INDEX 

INDEX  no,,  rroviies  1300  terminals  with  con- 
r-  .ions  to  1000  computer  ports.  In  the  last  12  months 
the  total  connect  time  was  760000  heirs.  The  work 
carried  out  during  these  12  months  comprises  294 
INDEX  'terminal  line*  installations  and  moves,  117 
INDEX  'host  interface*  connections,  152  terminal 
deliveries  and  exchanges.  In  addition,  29  synchronous 
and  special  lines  and  19  Modems  and  PAD  (Packet 
Assembler/Disassembler)  connections  were  installed. 
The  old  giteway  mini-PACX  (for  external  and  X-25 
traffic)  became  saturated  and  was  replaced  by  a  larger 
unit.  A  planning  for  the  expansion  and  upgrading  of 
the  'central'  INDEX  system  has  been  established  and  a 
first  hardware  order  made. 

Two  Time  Division  Mult:plexers  have  been 
commissioned,  offering:  22  cross-connect  channels 
between  INDEX-4  (EF/EP)  and  the  Computer  Cen- 
tre, and  12  channels  via  the  G700  data  link  between 
INDEX-3  (SPS)  and  the  Computer  Centre. 
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flfitf*  J—  Weekly  central  processor  me  oj  the  Cortrot  Dots  7600 
d*ri*X  its  /  JV,  yevs  of  life  et  CERN 


CDC/7600  Weekly  CPU  U»»«C  197M9S4 


Grand  Toul  -  61320  97 


Terminals 


The  terminal  pool  now  contains  1657  units:  234 
graphics  terminals,  1 191  alphanumeric  terminals  and 
232  printers/printing  terminals.  In  addition  to  this, 
the  first -line  maintenance  of  20  Matra  work  stations  is 
earned  out  regularly. 


User  Support  Services 

Program  Enquiry  Office 

On  the  MVS/WYLBUR  system,  the  emphasis  has 
been  on  maintenance  work,  notably  in  the  areas  of 
WYLBUR  Help  and  Tools,  MSS  (Massive  Storage 
System)  support,  Monte  Carlo  physics  programs, 
g  ^phics,  and  microfiches. 

Most  development  work  has  been  in  th%  field  c 
the  VM/CMS  system.  Courses  have  been  organized 
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and  attended,  and  the  foundation  of  a  genera!  user 
service  has  been  established.  Although  this  has  been 
mainly  a  learning  phase,  many  utilities  have  been  writ- 
ten, installed,  and  evaluated. 

In  the  area  of  »cxt  processing,  CERN  PAPER  was 
put  into  production  as  the  recommendeu  fully  sup. 
ported  SCRIPT  macro  system,  and  development  has 
started  to  support  the  production  of  more  complex 
documents  using  CERNPAPER  and  the  APA6670 
laser  printer.  SCRIPT  support  was  provided  for  the 
new  phototypesetter  of  the  DOC  Department. 

Program  Library 

The  public  presentation  of  the  restructured 
CERN  libraries  was  completed  with  the  creation  of 
sets  of  new  procedures  on  IBM  and  CDC  and  the 
deletion  of  the  old  library  files.  Migration  towards 
FORTRAN-77  continued  with  the  formal  freezing  of 
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Flfurt  4— Number  o/ Jobs  run  per  week  on  the  CDC  7600 
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the  FORTRAN -4  version  of  the  CERN  Program  Lit- 
rary  A  new  version  of  the  Siemens  FORTRAN-77 
compiler  and  library  were  installed  on  IBM  under 
MVS,  and  a  first  version  was  installed  under 
VM/CMS  on  IBM.  An  evaluation  of  the  IBM 
FORTRAN-77  compiler  interactive  debugging  pro- 
duct was  performed  in  collaboration  with  IBM.  The 
production  version  of  KAPACK,  a  FORTRAN  call- 
able keyword  access  package,  was  released  and  is  now 
being  widely  used. 

The  Program  Library  documentation  access 
under  WYLBUR  was  improved  with  the  addition  of 
an  entry  point  search  mechanism.  A  first  version  of 
on-line  documentation  access  under  the  IBM 
VM/CMS  operating  system  has  been  prepared.  The 
new  version  of  the  manual,  printed  on  the  XEROX 
8700,  permits  a  paper  saving  of  70Vi  of  the  previous 
version. 

Work  has  started  on  the  impk  ncntation  of  the 
CERN  library  under  the  IBM  VM  CMS  operating 


system.  It  has  been  decided  to  support  only 
FORTRAN-77  in  this  system. 


Mathematical  Consultancy 

Work  in  support  of  lattice  gauge  calculations  has 
continued.  New  algorithms  have  been  explored  in 
order  to  improve  efficiency  of  computation.  The 
scope  of  existing  programs  for  the  CDC  and  CRAY 
computers  has  been  broadened  to  confront  a  larger 
variety  of  problems.  A  new  method  of  I/O  buffering 
has  been  developed  to  cope  with  larger  lattices.  .Vonte 
Carlo  calculations  have  been  pet  formed  on  the 
CYBER  875  computer  to  obtain  gauge  fields  for  lat- 
tices of  some  200000  nodes. 

Work  continued  on  electrostatic  fields  and 
:nduced  charges  on  strips  in  wire  chambers.  The  ana- 
lysis and  programming  of  the  electrostetic  field  of 
doubly  periodic  infinite  arrays  was  completed  for  thv 
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thin-wire  approximation.  Program  testing  began  for 
the  thick-wire  case,  bated  on  the  use  of  a  doubly  per- 
iodic multipole  expansion  for  the  potential.  Usable  ex- 
plicit series  expressions  were  found  for  certain  Fourier 
transforms  needed  in  the  numerical  solution  of  the 
problem  of  induced  charges  on  strips 

A  further  investigation  of  the  Landau  and  Vavi- 
Jov  distributions  has  been  made  together  with  a  new 
version  of  the  Library  Program  for  the  Landau  dis- 
tribution. This  work  required  the  installation  and  test- 
ing of  a  new  version  of  REDUCE. 

In  connect  km  with  the  CERN  technology  study, 
about  35  Arms  were  interviewed,  the  statistical  ana- 
lysis of  the  data  was  finished,  and  the  final  report  has 
now  been  published  (CERN  84-14). 


Accounting 

During  the  past  12  months  about  8U0  new  IBM 
and  280  new  CDC  accounts  have  been  opened.  The 
EXtemal  Terminal  Access  SErvice  (EXTASE)  has 
about  80  users,  from  whom  must  be  recuperated  the 
SF  40000  required  to  pay  the  PTT  bill. 

A  major  effort  has  been  put  into  preparations  for 
the  introduction  of  the  new  VM/CMS  scrvJct. 


Tapes 

Clearing-up  of  the  tape  vault  is  continuing,  and 
the  ancient  data  base  has  been  replaced  by  a  new 
MVS-based  system.  At  last,  systematic  garbage  col- 
lection has  been  authorized  and  has  started  among  the 
numbered  C  ,RN  tapes. 


Date  Communication  Networks 
On-Site  Networks 

CERMET 

CERNET  has  continued  to  work  reliably  with  an 
average  availability  of  99.45%.  One  new  Modcomp 
Classic  node  has  been  added  in  the  West  Hal'  Area. 

The  •  upport  for  the  communications  subnetwork 
of  the  CERNET  packet-switching  network  is  now 
mainly  a  service  activity.  Some  25  new  connections 
have  been  made  to  CERNET,  whilst  about  15  have 
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been  suppressed,  bringing  the  total  number  of  user 
connections  to  well  over  100.  The  overall  usage  is 
constantly  increasing,  especially  in  the  area  of  the  vir- 
tual terminal  service  into  WYLBUR:  current  figures 
are  around  4000  sessions  per  week.  During  busy 
periods,  lasting  hours  or  days,  the  traffic  on  CERNET 
averages  50  kbytes/s  and  more. 

The  current  node  software  allows  for  almost 
all  known  future  connections  (definite  or  provi- 
sional), including  those  for  interconnecting  various 
ETHERNETS.  Modifications  to  this  bask  configura- 
tion will  become  necessary  as  part  of  the  introduction 
of  VM/CMS  on  the  IBM  and  Siemens  mainframes 
next  year. 

The  use  of  O700  for  data  transmission  over 
CERNET  has  proved  to  be  working  well;  currently 
two  speeds  have  been  implemented  (2048  kbits/s  and 
8448  kbits/i).  A  CERNET  link  running  at  the  speed  of 
8448  kbits/s  has  now  been  operational  for  about  one 
year  between  the  Computer  Centre  and  the  Ncrth 
Area. 


IXKal  Area  Networks 

A  prototype  ETHERNET  network  has  been  in- 
stalled in  Buildings  31  and  513,  with  the  intention  of 
gaining  experience  with  both  the  hardware  and  the 
software.  This  network  now  has  more  than  ten  com- 
puters attached,  almost  all  of  different  types,  and  is 
used  as  a  real  service  by  triny  of  them.  Two  terminal 
concentrators,  of  the  type  used  at  SLAC,  are  on  loan, 
and  are  providing  a  test  service  to  several  pro- 
grammers. 

The  Division  has  taken  an  active  part  in  the  in- 
stallation of  various  ETHERNETS  around  the  CERN 
site,  and  is  acting  as  a  central  consultation  and  co- 
ordination body.  All  CERN  ETHERNET  installations 
are  monitored  and  the  results  are  reported  to  a  co- 
ordination committee  known  as  EPIC  (ETHERNET 
Pilot  Installation  at  CERN). 

As  a  part  of  the  development  work  aimed  at 
providing  a  sendee  to  interconnect  Local  Area  Net- 
works (LANs)  via  a  CERN- wide  backbone  network, 
a  Flexible  Reconflgurable  Internetwork  GATE  way 
(FRIGATE)  has  been  constructed.  The  first  service 
foreseen  for  this  unit  was  the  interconnection  of  dif- 
ferent ETHERNET  segments  via  CERNET.  This  has 
now  been  achieved,  providing  DECNET  connections 
over  two  physically  different  ETHERNETS  in  Build- 
ing 2  and  Buildings  31/513. 
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Using  the  microprocessor  support  ^em 
PRIAM,  software  was  developed  to  run  under  the 
RMS68K  operating  system.  Various  other  software 
packages  are  being  written  for  the  FRIGATE  hard- 
ware in  order  to  offer  services  to  any  of  the  computers 
connected  on  ETHERNET.  Servers  for  assisting  with 
file  or  terminal  access  to  other  computers  around 
CERN  are  being  developed.  Studies  are  being  carried 
out  to  determine  how  to  use  another  variant  of  the 
FRIO  tTE  unit  to  support  additional  services  such  as 
X-25  connections.  Investigations  into  the  availability 
of  L  iN  technologies  other  than  ETHERNET,  with 
particular  reference  to  the  ISO  DP8802  draft  stand- 
ards are  beginning. 

Higher  levels  of  data  communications  software 
are  also  under  study.  In  the  long  term,  ISO  standards 
Mil  be  used.  For  the  interim  period,  and  in  order  to 
become  familiar  with  these  emerging  standards,  two 
ud  hoc  working  groups  have  issued  their  recom- 
mendations. One,  called  the  Datagram  Definition 
Group  (DG2),  is  concerned  with  a  site-wide  inter- 
network datagram  format,  The  second,  called  the 
Remote  Procedure  Call  Club  (RPClub),  treated  the 
options  for  remote  procedure  call  protocols.  Both 
reports  have  been  widely  circulated. 


Off-Site  Contmankatiou 

EXTASE  Service 

The  EXTASE  service  (two-way  terminal  access  to 
public  X-25  networks)  has  reached  a  level  of 

-  10  000  communications  per  month, 

-  1600  hours  of  connections  per  mouth, 

-  150  Mbytes  exchanged  per  month, 

-  300  outside  institutes  or  computers  communicating 
with  CERN. 

An  off-line  program  for  analysing  the  X-25  traf- 
fic, based  on  the  SAS  (Statistical  Analysis  Systems) 
product,  has  been  developed.  With  this  it  has  been 
possible  to  improve  our  facilities  to  understand  this 
traffic.  The  accounting  system  set  up  for  EXTASE  has 
been  extended  to  handle  calls  originating  from  the 
CERN  X-25  network  computers.  After  a  detailed 
study  of  the  various  possibilities,  it  has  been  decided 
to  install,  evaluate,  and  run  the  COMPRO  product  on 
the  3705  as  the  only  short-term  solution  for  improving 
external  access  to  WYLBUR  and  VM/CMS.  The 
Series  1  approach  does  not  offer  short-term  solutions. 


X-25  Service  for  On-Site  Computers 

Three  X-25  switches  from  CAMTEC  have  been 
installed  to  form  the  kernel  of  an  on-site  X-25 
network.  After  seven  X-25  connections  were  moved 
from  the  RAL  GEC  switch  to  the  CERN  X-25 
network,  16  user  machines  were  connected,  Straight- 
forward X-25  access  to  TELEPAC,  JANET,  and 
Saclay  is  available,  lnterworking  with  EXTASE,  for 
terminal  access  only,  is  also  provided. 


Miscellaneous 

The  Division  assisted  SB  in  the  cl.oice  and  in- 
stallation of  terminals,  printers,  and  the  related  con- 
nections for  the  various  building  sites  for  LEP.  As  a 
result,  three  voice  grade  Modem  links,  one  pair  of 
statistical  multiplexers,  and  two  baseband  Modem 
links  were  installed  to  permit  access  to  the  'All-in- 1* 
VAX  in  Building  513. 

Laboratory  tests  to  evaluate  Data-Over-Voice 
(DOV)  are  being  carried  out  and  a  Held  test  proposal 
is  in  preparation, 


EARN 

The  CERN  node  of  the  European  Academic  Re- 
search Nctw<\k  (EARN)  has  been  installed  and  now 
has  direct  based  lines  operational  to  the  Universities 
of  Berne,  Zurich,  and  Geneva.  With  the  opening  up  of 
the  first  international  link  in  October  1984,  to  GSI 
Darmstadt,  EARN  entered  its  experimental  operation 
phase  for  communications  between  Switzerland  and 
Germany.  The  traffic  has  been  growing  impressively. 
A  software  gateway  between  the  WYLBUR  Electronic 
Mail  Facility  and  EARN  has  been  developed  and 
installed. 


The  GIFT  Project 

The  VAX  11-750  was  delivered  in  October  1984. 
The  CERNET  and  DECNET  parts  of  GIFT  are  ready 
and  integrated  for  the  access  to  the  CERN  IBM.  An 
experimental  service  is  due  to  start  in  January  1985 
with  CERNET,  DECNET,  and  JANET  protocols. 
UN1NETT  has  announced  some  delay  in  the  provision 
of  their  part  of  the  GIFT  software. 
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Electronic  Mad 

The  COMICS  (COniputcr-based  Message  systems 
Interconnect  Strategy)  in terdi visional  study  group 
was  set  up  to  study  this  question,  to  the  first  place  for 
CERN  and  then  in  the  wider  framework  of  the  high* 
energy  physics  community.  An  interim  report  has  been 
written  and  the  final  report  was  completed  by  the  end 
of  the  year.  The  main  results  so  far  are  the  emergence 
of  the  CCITT  X400-MKS  standard  as  the  recom- 
mended medium,  and  the  elaboration  of  an  interme- 
diate technical  solution  for  interconnecting  existing 
mail  systems.  The  solution  is  based  on  a  central  multi- 
protocol gateway  machine,  thr  principle  of  which  is 
dose  to  the  concept  used  for  C  =T. 

A  project  which  aims  at  providing  a  gateway 
between  the  CERN  TELEX  service  and  the  central 
CERN  electronic  mail  facility  has  been  elaborated 
jointly  with  the  PE  and  DG  Departments. 


European  Networking  Activities 

A  considerable  effort  was  made  to  support  ih? 
EEC-sponsored  action  for  the  harmonization  of  com- 
munication protocols  (in  the  context  of  ESPRIT).  In 
particular,  CERN  organized  two  of  the  meetings, 
which  were  on  Terminal  protocols  (Triple  X).  Staff 
participated  actively  in  the  ECFA  Working  Sub- 
Group  5  activities.  A  leading  role  was  played  in  the 
setting  up  of  a  proposal  for  an  ESPRIT  project  on  dis- 
tributed directory  services  and  other  electronic  mail 
aspects. 


Specialized  Computing  Services 
LEP  Services 

The  activities  concerning  CAD/CAM  for  the 
LEP  construction  and  other  mechanics  application 
zr"  reported  in  the  LEp  Division's  contribution.  The 
Data  Handling  Division  continues  to  be  heavily 
involved  in  this  project.  Also,  the  services  provided 
by  DD  and  related  to  the  use  of  the  ORACLE  Data- 
Base Management  System  for  the  LEP  construction 
and  for  some  SPS  applications  are  reported  by  the 
LEP  Division.  The  DEC  electronic  mail  system 
•All-in- P  which  links  the  SB  buildings  to  the  various 
work  sites  around  the  LEP  ring  during  the  construe- 
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tion  phase,  and  which  was  initially  operated  on  the 
LEP  data  base  VAX  11/780,  moved  to  its  own  VAX 
1 1/750  in  June. 


Microprocessor  Sapport 

The  export  trade  in  microprocessor  cross-soft- 
ware has  flourished  this  year:  out  of  a  tote!  of  47  re- 
quests treated,  the  majority  (30  requests)  has  been  for 
Motorola  68000  support  software  running  under  VAX 
VMS. 

FORTRAN  and  C  cross-compilers  and  run-time 
libraries  for  the  MC68000  have  been  obtained  from 
Associated  Computer  Experts  BV,  Amsterdam,  and 
made  available  on  VAX  computers  running  UNIX 
and  VMS. 

The  implementation  of  a  dual  bead,  single  tail, 
compiler  for  translating  Modula-2  and  Pascal  into 
68000  code  has  been  completed.  This  compiler  allows 
programs  written  in  one  of  the  two  languages  to  bene- 
fit from  improvements  to  facilities  for  the  other,  thus 
reducing  the  effort  required  to  support  the  two  lan- 
guages. 

MoniCa,  a  monitor  with  facilities  for  interactive 
symbolic  debugging  using  the  symbol  tables  produced 
by  the  CrfOOO  Modula-2  and  pascal  compilers  and  by 
the  M68MIL  assembler,  now  runs  in  several  68000  sys- 
tems, both  at  CERN  and  elsewhere.  MoniC-\ 
input/output  system  has  been  adapted  to  run  under 
RMS68K,  Motorola's  real-time  kernel. 

Subroutine  packages  have  been  written  for  arith- 
metic operations  on  IEEE  single-precision  floating, 
point  numbers,  and  for  approximate  arithmetic  on 
IEEE  double-precision  numbers. 


Personal  Work  Stations 

During  this  year  the  work  of  the  project  has  been 
concentrated  on  the  integration  of  Apollo  work  sta- 
tion* imo  the  CERN  environment  of  FORTRAN, 
graphics,  communications,  and  system  management. 
The  two  Apollo  work  stations  owned  by  DD  Division 
vere  joined  early  in  the  year  by  a  third  machine,  a 
small  DN300,  which  was  installed  in  OA1  and  con- 
nected by  the  Apollo  Domain  network  to  the  machines 
in  DD.  In  spite  of  the  large  distance  of  1.2  km  between 
the  machines,  the  network  functioned  perfectly.  The 
collaboration  with  UA1  physicists  has  proved  valuable 
in  giving  us  good  input  on  how  we  should  integrate 
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work  stations  in  the  physics  environment.  A  fast  com- 
munication  link  between  Apollos  and  the  main  IBM 
machines  was  established  by  accessing  a  CERNET 
server  via  ETHERNET.  The  CERNET  server,  M EC- 
GATE,  handles  all  the  complexity  of  accessing  IBM, 
CDC,  and  VAX  computers  over  CERNET.  The  fad- 
hues  offered  include  file  transfer,  central  printing,  list- 
ing  of  IBM  catalogues  and  directories,  job  submis- 
sion, and  job  retrieval. 

As  VAX  computers  are  also  extensively  used  for 
physics,  connections  to  Apollo  have  been  made  via 
ME CG ATE  for  file  transfer,  and  also  using  commer- 
cial products  such  as  ETHERNET  and  the  ARPA- 
NET protocols  (TCP-IP).  The  ARPANET  protocols 
support  remote  log- in  as  well  as  file  transfer. 

UNIX  mail  has  been  implemented  using  the  AUX 
UNIX  interface  on  Apollo.  This  incorporates  the 
Aoollo  into  a  larger  CERN  scheme  and  gives  it  access 
to  outside  laboratories. 

The  Graphics  Kernel  Standard  (GKS)  is  a  library 
of  two-dimensional  graphics  routines  that  are 
implemented  on  different  hosts;  it  supports  a  wide 
range  of  graphical  input  and  output  devices.  An  im- 
plementation known  as  Minimal  GKS,  which  offers 
GKS-ievel  mb  functionality,  has  been  developed  on 
the  Apollo  for  use  on  smaller  s<  ms. 

Many  of  the  physics  packa^*  such  as  HBOOK, 
HTV,  etc.,  are  now  in  use  on  the  Apollo.  A  Graphics 
User  Interface  (GUI)  enables  uiirs  to  modify  their 
output  by  adding  graphics  and  text.  The  output  may 
then  be  printed  on  the  Versatek  plotter  which  was 
installed  earlier  this  year 

PIONS,  a  three-dimensional  graphics  system,  has 
now  been  ported  to  the  Apollo.  The  CERN  library  is 
also  being  ported  to  the  Apollo  and  will  be  officially 
supported.  In  the  meantime,  experience  has  been 
gained  by  adapting  a  selection  of  routines  required  by 
the  user  community.  The  management  of  distributed 
computing  facilities  is  under  study.  This  includes  man- 
agement of  netwotk  connections,  introduction  of  new 
users,  installation  of  new  hardware  and  software  ver- 
sions, libraries,  problem  logging,  maintenance,  disk 
space  control,  documentation,  contracts,  program  en- 
quiry functions,  etc.  A  recurring  theme  throughout 
these  studies  is  to  balance  the  advantages  and  disad- 
vantages of  central  support  versus  users  taking  local 
responsibility  for  their  system. 

There  is  a  continual  evaluation  of  new  personal 
work  stations.  There  has  been  experience  in  using  the 
PERQ-2,  the  SUN,  the  Symbolics  3600,  the  CAD- 
MUS, and  the  Diser  Modula  Piesentations  have  been 


given  by  a  few  other  companies  (e.g.  DEC  and  Mass- 

comp). 

The  PERQ-2  work  stations  have  been  used  to 
implement  a  graphics  animation  package  and  a  termi- 
nal emulator.  The  project  keeps  in  close  contact  with 
ICL  and  the  SERC  regarding  future  developments 
of  PERQs,  and  these  machine*  will  be  used  to 
demonstrate  the  integration  of  UNIX  systems  using 
the  Newcastle  Connection. 

Hewlett-Packard  has  lent  us  an  HP -9000,  which 
has  been  used  extensively  by  two  visiting  physics 
groups.  The  Digital  Equipment  Corporation  hat  lent 
us  a  VAX-compatible  VS1  work  station.  CERN  plans 
to  rent  a  Symbolics  3600  to  perform  algebra  manipu- 
lations. The  SUN-1  was  demonstrated  using  ARPA- 
NET protocols  (TCP-IP)  in  order  So  communicate 
with  the  UNIX  VAX  over  ETHERNET. 

A  collaboration  with  IBM  to  study  the  use  of  the 
IBM-PC  in  the  scientific  and  technical  environment 
found  at  CERN  came  to  an  end.  The  results  showed 
some  interesting  individual  developments  and,  since 
the  end  of  the  collaboration,  many  IBM-PCs  have 
been  purchased  by  CERN. 


UNIX 

The  start  of  the  year  saw  the  introduction  of  tLv 
UNIX  service  on  the  PRIAM  VAX,  based  on  the  Ber- 
keley 4.2  software  distribution.  During  this  start-up 
phase,  the  connection  of  the  VAX  to  CERNET  was 
completed,  and  services  for  file  and  mail  transfer  were 
offered  to  users.  A  CERNET  file  manager  was  written 
to  satisfy  the  needs  of  users  wanting  to  down-load 
programs  generated  on  the  PRIAM  VAX  into  target 
microprocessor  systems  by  CERNET  file  transfer. 

The  community  of  UNIX  users  has  grown  stea- 
dily since  the  initiation  of  tH  service,  with  currently 
over  170  registered  users.  The  hardware  configuration 
of  the  system  was  enhanced  in  June  with  the  addition 
of  two  large  Winchester  disk  drives,  each  of  450 
Mbytes,  and  a  further  16  terminal  ports.  In  addition, 
several  new  software  packages  have  been  made  avail- 
able to  users,  such  as  UNIX  news  (a  bulletin-board 
system)  and  the  Notes  file  system  for  storage  and 
retrieval  of  documents.  Furthermore,  connections  to 
other  mail  svtems  have  been  implemented  (ML NET 
and  EAN,  with  plans  to  connect  to  EARN  quite 
soon). 

In  the  networking  area,  the  connection  to  the 
European  UNIX  User's  network  has  been  upgraded  to 
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use  the  public  X-25  servto,  tod  considerable  experi- 
ence has  been  gained  in  the  use  of  the  various  pro- 
tocols over  ETHERNET. 


Relational  Data-JBwe  Masageattat  Systems 

Toe  Data-Base  Management  Systems  services  in- 
clude the  testing  and  introduction  of  new  versions  of 
the  ORACLE  system,  and  development  and  manage- 
ment of  general  utility  functions.  ORACLE  is  now 
being  installed  on  a  number  of  VAX  computers,  and  h 
&  planned  that  an  interactive  data-base  service  be 
provided  on  the  IBM  central  computers,  using  the 
query  language  SQL  on  which  ORACLE  is  based, 
either  through  ORACLE  or  IBM's  SQL/DS,  both  of 
which  are  being  evaluated. 

In  line  with  the  recommendations  of  the  ECFA 
Working  Sub-Group  1 1  on  Data  Bases  and  Bookkeep- 
ing for  HEP  Experiments,  a  bookkeeping  pilot  project 
using  ORACLE  was  started  with  the  ALEPH  Colla- 
boration on  one  of  their  VAX  1 1/750  computers. 

The  CERN  Experiments  File,  which  is  maintained 
under  INFOL,  has  been  modified  to  allow  for  the 
large  number  of  physicists  and  institutes  participating 
in  the  LEP  experiments. 


Data  Handling 
On- Lime  Procesaiag 

General  Development 

Collaboration  with  programmers  and  physicists 
from  EP  Division  has  been  very  sua  *»ful,  the  most 
outstanding  examples  being  the  programs  ZEBRA  and 
GEANT3. 

The  GEANT3  program,  initially  developed  in 
the  context  of  the  OPAL  Collaboration,  is  now  being 
used  by  several  other  experiments  (ALEPH,  L3, 
CHARM  II,  and  NA34  at  CERN;  SLD  at  SLAC;  two 
experiments  at  Fcrmilab;  two  experiments  at  HERA). 
The  European  Space  Agency  (ESA)  intends  to  use  this 
program  for  the  simulation  of  cosmic  rays  crossing 
satellites.  Many  physicists,  in  particular  from  L3,  arc 
developing  code  for  electromagnetic  and  hadronic 
cascades. 

A  Graphics  User  Interface  (GUI)  has  been  devel- 
oped on  the  Apollo,  and  the  first  part  of  this  project  is 
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now  in  the  completion  phase.  GUI  is  the  combination 
between  a  'POP  menu'  package  and  a  graphics  and 
text  editor.  It  uses  most  of  the  graphics  capabilities 
available  on  a  bit-map  display. 

After  the  decision  to  discontinue  the  development 
of  GEM,  the  ZEBRA  data-structure  management  sys- 
tem was  proposed  in  February  by  members  of  the 
EP  and  DD  Divisions.  The  implementation  of  the 
memory  management  package  started  in  April  and  a 
first  release  was  available  in  September.  This  package 
as  well  as  the  debug  package  developed  by  DD  is  now 
under  evaluation. 

To  get  acquainted  with  VM/  j  i  to  test  the 
interactive  debugger  of  IBM  on  t  •  m>.  an  early 
version  of  the  ZEBRA  debug  prcccu .  as  developed 
and  debugged  on  VM/CMS  and  the  IBM  VS  compiler 
version  3.  Some  bugs  were  found  an!  reported  to 
IBM. 


Graphics 

A  considerable  part  of  the  work  load  for  the 
Graphics  Section  consists  in  giving  support  to  the 
MERLIN  facility  for  UAI/UA2;  this  includes  opera- 
tional support,  system  support  and  programming 
development.  In  addition,  support  and  advice  is  given 
to  a  number  of  outside  laboratories  in  the  UAI  Colla- 
boration which  are  running  MERUN-type  installa- 
tions. The  number  of  such  installations  has  increased 
by  a  factor  of  4  in  12  months. 

At  the  request  of  UAI,  effort  has  been  devoted 
to  porting  PIONS  to  Apollo  for  use  oy  Saday  and 
NIKHEF  (Amsterdam)  in  ApoUo/Megatek  configu- 
rations. This  work  will  t?  completed  when  the  neces- 
sary hardware  becomes  available.  The  PIONS  kernel 
is  operational  on  Apollo,  and  a  provisional  driver  has 
been  written  to  make  use  of  'he  Apollo  work  station'' 
inherent  graphics  capabilities.  The  PIONS  precompi- 
ler was  adapted  to  make  it  run  under  VM/CMS. 

Working  group  meetings  with  the  LEP  colla- 
borations were  held  in  ordx  to  define  their  graphics 
needs.  The  ALEPH  and  DELPHI  Collaborations 
have  started  using  PIONS  on  bctth  Megatek  and  other 
graphics  displays,  and  PIONS  is  also  used  in  produc- 
tion at  DESr  by  the  TASSO  experiment. 

A  basic-level  GKS  implementation  (MOKS), 
adhering  to  the  ANSI-defined-level  mb,  was  started 
uting  FORI  RAN-77  as  the  implementation  language. 
This  version  of  GKS  is  intended  for  use  by  small  appli- 
cations, primarily  on  minicomputers  and  micros.  It  is 
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currently  running  on  VAX  and  Apollo.  Porting  to 
MC68000 15  foreseen.  A  number  of  GKS  work  stations 
are  supported,  including  the  Tektronix  40xx  series, 
Versatec  plotters,  and  Hewlett-Packard  plotters.  In 
addition,  MGKS  supports  the  GKS  Metafile.  The  GKS 
Metafile  will  allow  any  application  running  on  a  ma- 
chine other  than  the  central  IBM  service,  to  create, 
store,  and  ship  graphics  data  to  the  Computer  Centre 
via  CERNET. 

In  order  to  obtain  a  full  GKS  implementation  for 
CERN  (and  outside  laboratories),  a  number  of  soft- 
ware houses  were  contacted  to  invite  offers  for  a 
GKS  source  licence.  It  was  decided  to  select  the 
PLOT-10/GKS  implementation  by  Tektronix,  which 
was  offered  at  a  very  substantial  discount.  By  January 
198$  it  will  be  available  on  IBM  VM/CMS  and  VAX 
VMS.  The  GKS  service  will  gradually  be  introduced 
on  IBM  MVS,  IBM-VM  CMS,  VAX  VMS,  and 
ND-500  between  early  198$  and  mid  1 985. 


Oa-Llae  Processing 

Pool  Activates 

The  policy  decision  to  shift  support  from  16-bit 
computers  to  32-bit  systems  had  consequences  for  the 
On- Line  Computer  Pool.  In  fact,  about  10  16-bit  com- 
puters were  withdrawn  from  the  Pool  after  the  shut- 
down of  the  ISR  and  the  end  of  several  fixed-target 
experiments,  whilst  the  LEP  experiments  kow  htve  a 
total  of  nine  VAX  computers  supported  on  the  site. 

A  considerable  fraction  of  the  On-line  Computer 
Pool  support  activity  is  devoted  to  visiting  teams  that 
have  their  own  computers  on-site  and  even  off-site. 
Support  for  about  80  CAMAC  System  Crates  repre- 
sents a  heavy  load.  The  FASTBUS  Interface  CFI  was 
added  to  the  Pool  as  standard  equipment  and  a  cor- 
responding support  service  was  set  up.  OMNET  could 
be  further  reduced  but  has  still  to  be  supported,  main- 
ly for  the  European  Muon  Collaboration  (EMC). 

Many  Pool  configurations  underwent  modifica- 
tions or  had  to  be  reconfigured  in  order  to  standardize 
equipment  or  to  save  on  maintenance  costs.  There  was 
a  big  demand  for  upgrading  existing  on-line  computer 
systems  At  the  EMC  and  NA10,  the  magnetic  tape 
subsystems  could  be  improved  without  making  any 
purchases.  The  three  UA  Experiment  Improvement 
Programmes  also  triggered  requests  for  increased  on- 
line computing  power:  with  mynimurq  purchasing,  two 
Poo)  systems  could  be  upgraded  and  reallocated  to 


UA5  and  UA1,  but  for  UA2  an  additional  VAX  had 
to  be  bought. 


DEC  Support 

Substantial  improvements  have  been  made  to  the 
VAX  data-acquisition  system.  An  upgrading  pro- 
gramme was  agreed  upon  with  the  LEP  collaborations 
to  cover  their  immediate  needs  in  the  test  beams;  most 
of  this  was  completed  for  the  1984  fixed-target  period. 
The  system  can  now  deal  with  larger  events,  and  has 
more  flexible  CAMAC  list  facilities  (permitting  dia- 
logue with  intelligent  front-end  processors  and  with 
the  CFI  FASTBUS  interface).  The  efficiency  of  the 
system  has  been  improved  in  several  areas,  including  a 
faster  communication  mechanism  between  data* 
acquisition  and  monitoring  programs.  Data  recording 
on  disk  is  being  implemented.  Other  improvements 
have  been  made,  in  particular  for  the  PILOT  program 
which  organizes  the  monitoring  programs.  Effort  has 
gone  into  the  methods  for  installing,  distributing,  and 
updating  the  software. 

Participation  in  networking  activities  has  conti- 
nued in  several  areas,  e.g.  in  the  EPIC  (ETHERNET 
Pilot  Installation  at  CERN)  project  and  in  the 
development  of  software  to  run  CERNET  over 
ETHERNET  for  the  FRIGATE  program.  Support  for 
users  of  the  UK  JANET  network  software  on  site,  and 
for  users  of  DECNET,  was  p  ovided.  Participation  in 
the  COM.'CS  electronic  mail  study  and  help  in  evaluat- 
ing the  JANET  software  for  connection  to  EARN 
were  also  a  part  of  these  activities. 

The  VAX-ELN  operating  system,  which  has  been 
installed  on  a  microVAX,  is  being  evaluated.  The 
work  necessary  to  reprogram  those  parts  of  the  soft- 
ware which  use  the  VAX  in  PDP-compatibihty  mode 
has  started.  In  this  context  the  Pascal  version  of  the 
WYLBUR  Bridge  has  been  brought  up  on  the  VAX. 

Support  for  experiments  has  been  maintained  at  a 
high  level.  Use  of  the  VAX  data-acquisition  system 
has  continued  to  grow  as  more  VAXes  are  installed. 
The  LEP  collaborations  now  have  9  VAXes  on  site,  a 
further  4  run  the  data-acquisition  software  in  other 
experiments,  and  more  are  on  order.  Use  of  the 
data-acquisition  system  by  groups  in  their  home  ins- 
titutes has  also  grown*  there  are  now  at  least  12  such 
installations,  mainly  in  the  LEP  collaborations.  With 
the  closing  down  of  the  ISR  and  of  some  SPS  *~  peri- 
ments,  the  number  of  PDP-lls  in  use  has  been  some- 
what reduced.  Over  20  still  run  the  standard  data* 
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acquisition  system  however,  and  some  software  and 
support  is  provided  for  many  more. 

The  PDP  data-acquisition  software  has  had  a 
final  upgrade  and  is  now  considered  *s  frozen. 


NORD  Support 

All  ND-500  and  the  majority  of  the  ND-100  sys- 
tems were  upgraded  to  the  I-version  of  SINTRAN, 
implying  a  non-trivial  change  to  new  memory  manage- 
ment hardware  and  software,  and  consequently  to  the 
data-acquisition  system  (DAS).  The  Division  has 
received  a  small  ND-500  system  for  software  develop- 
ments. ,  , 

For  DAS  a  source-file  data  base  was  developed  to 
ease  software  maintenance,  version  control,  and  dis- 
tribution. A  first  version  of  DAS  routines  for  the 
ND-500  was  developed  and  installed  at  UA6.  A  port- 
able, FORTRAN-77-based  version  of  the  DAS  kernel, 
called  MkroDAS,  has  been  produced  and  successfully 
tested  on  ND-100,  VAX,  Apollo,  and  MC6SOX).  The 
VAX  version  is  used  for  data-taking  with  FASTBUS 
in  experiment  NA31. 

SINTRAN  work  included  a  joint  development 
with  Norsk  Data  to  use,  for  the  first  time,  the  new 
memory  management  hardware  providing  for  16  pa£e 
index  tables  (PtTs)  to  overcome  address  space  limita- 
tions. Discussions  with  Norsk  Data's  development 
department  intensified  after  they  had  announced  ma* 
jor  changes  in  their  SINTRAN  planning  in  February. 
The  J-rdease  of  SINTRAN  will  arrive  at  CERN  with 
the  development  ND-500,  including  hardware  and 
software  for  Norsk  Data's  new  serial  control-bus  to  be 
used  in  the  ND-500  FASTBUS  interface. 

A  file  manager  for  CERNET  was  installed  on  top 
of  the  new  Pascal-written  portable  transport  manager. 
ETHERNET  tests  with  prototype  interfaces  started  in 
the  spring.  New  tests  with  interfaces  from  *  pre- 
production  series  and  *  FORTRAN-caUable  datagram 
package  have  just  begun.  Preparations  for  the  instal- 
lation of  the  CERNET  protocol  above  ETHERNET 
datagrams  are  being  made. 

CERN's  standard  FASTBUS  software  was  in- 
stalled on  the  ND-100.  and  the  Division  participated  in 
the  development  of  a  •direct'  FASTBUS  interface  to 
the  ND-500,  allowing  32-bit  parallel  transfers  at  a 
speed  exceeding  10  Mbytes/s. 

With  the  hdp  of  the  French  Tore  Supra  project,  a 
portable  command  4JWpessor.  w«  developed,  the 
FORTRAN-77-written  MiniZCEDEX*  package,  which 
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is  now  running  on  ND-100,  ND-500,  VAX,  and 
MC68000  at  CERN. 


General  On-line  Development 

The  first  official  release  of  the  Portable  Interac- 
tive Language  System  (PiLS)  V.1.0  was  introduced  in 
spring  and  installed  under  VAX  VMS,  VAX  UNIX, 
VALET,  and  ND-100/SIII.  The  package  includes 
FASTBUS  and  CAMAC  standard  libraries.  A  pre- 
release of  PILS  V.2.0  is  under  test.  It  includes  a  code 
generator  for  the  VAX.  giving  significant  perform- 
ance improvements. 

Nine  'VALET',  VME  bus-based,  smell  test  sys- 
tems have  been  assembled  and  delivered  to  users  in  the 
DD  and  EP  Divisions. 

The  VALET  software  development  consisted  of 
an  integration  of  PILS  (Portable  Interactive  Language 
System)  and  libraries  with  VME,  using  all  the  cross- 
software  tools  recommended  by  the  PRIAM  project. 
The  development  has  helped  to  debug  the  PRIAM 
tools  and  to  provide  expertise  on  VME,  MC68000, 
cross-software,  and  debugging  techniques. 

CERNET  has  been  implemented  on  the  PRIAM 
UNIX  VAX  by  installing  the  portable  PASCAL  trans- 
port manager  in  a  front-end  MC68000  running  under 
RMS68K. 

A  portable  system  generation  facility  for 
RMS63K  (Real-Time  Multitasking  for  MC68000)  was 
developed  and  installed  on  several  hosts  (VAX  UNIX, 
VAX  VMS,  and  ND-500"'  An  integration  of  RMS68K 
with  MoniCa  was  defined  and  an  experimental  version 
implemented.  The  portable  Micro  DAS  has  been 
installed  under  the  experimental  version  of  RMS68K 
integrated  with  MoniCa. 

In  the  context  of  the  PRIAM  project,  work  has 
continued  on  the  introduction  of  MC68000-based 
VME  systems,  with  the  evaluation  of  hardware  from 
various  manufacturers  and  the  introduction  of  certain 
standard  hardware  into  the  CERN  Stores. 

Much  work  has  been  done  on  rationalizing  the 
on-line  computing  documentation  systems  on  the  cen- 
tral IBM  system  under  WYLBUR. 

Five  issues  of  the  CERN  Mini  and  Micro  Compu- 
ter Newsletter  OMMCNL')  have  been  published 
between  October  1983  and  October  1984.  The  circula- 
tion of  the  MMCNL  now  amounts  to  some  1400 
copies  of  each  issue. 

The  HP  and  CAVIAR  support  continues  at  a  fair- 
ly low  level,  but  in  spite  of  a  reduction  in  the  number 
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FixurrS-  One  of  the  two  prototypes  of  ike  SOSl/E.  «t  emulator  of  the 
IBM  S0$l.  vtl  far  more  power  thtn  iu  predicts**,  the  I6S/E,  An 
idmitcaJ  prototype  was  constructed  simulteneousfy  in  collaborate* 
with  SLAC  end  a  installed  there  (CERS-253  08  84) 


of  HPs  the  support  load  is  increasing  owing  to  more 
complex  applications  of  dat*  acquisition  in  test 
beams  The  CAMAC  booster  (CAB)  has  been  inte- 
grated  in  PS  177  and  will  soon  be  in  CHARM  11. 


Emulators 

168/E  Off-Line  Pool 

The  Pool  continued  in  full  production  through- 
out  the  year  with  three  clusters  of  two  processors  each. 
By  the  end  of  the  year  some  8000  jobs  had  been  run, 
representini  over  7000  hours  of  IBM  370/168  equiva- 
lent processing  time  Peak  usage  has  been  1200  equiva- 
lent hours  per  month,  which  represents  more  than  one 
third  of  the  work  load  of  the  combined  IBM  and  Sie- 
mens Centre  The  main  user  has  been  the  R807  experi- 
ment, closely  followed  by  the  Split-Field  Magnet 
(SFM),  with  smaller  amounts  of  time  going  to  NAI2 
and  other  users 


168/E  On-Lme 

The  number  of  168'E  processors  installed  for 
on-line  filrring  use  at  UAI  has  been  increased  to  six, 
and  their  program  memory  size  has  been  doubled  to 
allow  more  powerful  and  complex  algorithms  to  be 
run  With  increased  pp  luminosity,  they  are  now 
actually  being  used  for  the  rejection  of  events.  Ali 
UAI  physics  results  so  far  have  come  from  events 
selected  by  the  168/E  filter. 

As  part  of  the  upgrading  of  the  UAI  data- 
acqutsition  system,  a  4  Mbytes/s,  120  m  long, 
VME/VMX-to-CAMAC  link  has  been  designed  and 
two  samples  have  been  delivered.  This  allows  trans* 
mission  of  event  data  from  their  new  VME-based  sy.,- 
tem  to  the  168/E  array,  whilst  retaining  the  existing 
CAMAC-based  system  of  data  routing  and  processor 
control. 

An  on-Ime  168/E  system  has  been  delivered 
to  UA2,  and  is  now  coming  into  use  in  a  filtering 
mode  similar  to  that  at  UAI  The  system  consists 
of  two  168/E  processors  assembled  from  existing 
spares,  along  with  the  associated  specially  built 
Greyhound/PAX  interfaces  and  modified  REMUS 
readout  This  development  also  involved  trt  transpor- 
tation of  all  the  I6S/E  on-line  support  and  diagnostic 
software  from  the  Norsk  Data  ivironment  it  UAl  to 
that  of  the  VAX  at  UA2     ns  was  acct-nphshed 


thanks  to  the  good  collaboration  of  UA2  personnel 
and  welcome  help  from  the  UAI  experts. 


308I/E 

This  successor  to  the  168/E  is  being  r  *uced  in  a 
balanced  collaboration  with  SLAC  in  the  SA.  The 
first  half  of  the  year  was  taken  up  with  an  intensive  de- 
tail design  and  construction  effort.  As  well  as  two  sets 
of  the  CERN-designed  boards,  copies  of  all  but  one  of 
the  SLAC-designed  boards  were  built  for  use  in  the 
prototype  at  CERN.  Each  board  was  debugged  indi- 
vidually as  it  became  available,  and  the  first  prototype 
was  brought  together  at  SLAC  in  August  within  three 
weeks.  In  the  meantime,  the  second  prototype  at 
CERN  has  now  been  brought  up  to  the  same  standard. 

Detailed  FORTRAN  simulations  of  the  individual 
boards  aided  considerably  in  achieving  correct  opeia- 
tion.  Test-bench  software  was  developed  to  allow  easy 
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interactive  debugging  of  the  processor,  and  extensive 
sets  of  standalone  tests  for  the  individual  board?  have 
been  written.  At  SLAC  the  translator /linker  software 
which  performs  the  conversion  from  IBM  object  code 
to  308 1/E  microcode  was  brought  into  operation  early 
enough  to  support  the  initial  processor  integration 
tests  with  translated  diagnostics  adapted  from  those 
developed  for  the  168/E.  It  is  now  coming  to  a  level 
where  translation  of  larger  examples  of  FORTRAN 
code  can  be  attempted. 

Initial  performance  measurements  on  the  pro- 
cessor with  translated  FORTRAN  code  are  very 
encouraging,  and  it  is  dear  that  the  design  goal  of  at 
least  one  IBM  370/168  equivalent  has  been  met.  The 
production  of  five  processors,  using  the  same  wire- 
wrap  technique  as  that  for  the  prototypes,  has  been 
started  in  order  to  satisfy  the  initial  needs  of  the  first 
users,  suchasUAl,  NA34,  L3, and  DELPHI.  Empha- 
sis is  now  being  put  on  the  associated  interface  work 
required.  The  question  of  a  FASTBUS-based  router 
and  scheduler  (FPAX)  is  being  studied  in  collabora- 
tion with  Orsay  and  the  University  of  Rome,  whilst 
the  University  of  Padua  is  ready  to  collaborate  on 
VME  interfacing  Further  production  commitments 
will  be  made  by  the  end  of  the  year. 


Off-Line  Farm  Pilot  Project 

A  project  to  build  a  cluster  of  five  308 1/E  pro- 
cessors attached  to  an  IBM  4361  host  has  started.  The 
aim  is  to  evaluate  the  performance  of  the  cluster  for 
the  bulk  off-line  processing  of  event  data.  This  project 
has  attracted  collaboration  from  Saclay  and  from  the 
INFN  in  Italy.  The  4361  computer  is  on  loan  from 
IBM,  as  part  of  a  joint  IBM-CERN  project  on  inter- 
facing. 


MICE 

During  1984  six  MICH  machines  were  success- 
fully used  in  a  variety  of  applications.  Since  this 
autumn,  two  experiments  using  MICE  hav-  come  to 
an  end:  WA1  and  R704. 


Fast  Processors:  XOP 

The  XOP  prototype  was  finished  ahead  of  sche- 
dule and  operates  according  to  its  specifications  The 
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machine  is  made  up  of  a  set  of  dedicated  units,  each 
tailored  to  a  specific  task,  all  working  in  parallel  a«zd 
controlled  by  a  160-bit  wide  micro-instruction  word. 
In  addition  to  the  conventional  instructions,  special 
features  aimed  at  FASTBUS  operations  and  effective 
trigger  and  data  reduction  have  been  introduced.  The 
arithmetic  logic  unit  executes  one  triple  operand 
instruction  every  100  ns  in  scalar  mode  or  every  50  ns 
in  vector  mode. 

The  data  memory  is  divided  into  up  to  8  parallel 
banks  of  8  Kbytes,  expandable  to  16  Kbytes  by  chip 
replacement.  Each  bank  has  its  own  DMA  port,  inter- 
faced either  to  FASTBUS  or  to  LeCroy  'ECLINE*. 
The  interface  can  handfc»  40  Mbytes/s,  yielding  an  in- 
put capacity  of  320  Mbytes/s  for  a  full  eight-port  sys- 
tem, wnich  is  unmatched  by  any  known  comparable 
processor. 

Development  has  been  supported  by  a  simulation 
in  the  ISPS  language,  and  this  waa  steadily  refined 
throughout  the  year  as  work  progressed. 

The  XOP  control  is  dene  by  an  MC68000  micro- 
processor via  VME.  For  this,  the  software  has  been 
written  to  load,  debug,  and  run  XOP  programs  from  a 
local  terminal.  Eight  XOP*  can  be  control^  1  from 
one  MC68000  system.  A  cross-assembler  runs  on  IBM 
or  VAX.  Library  functions  have  been  written,  as  well 
as  some  benchmark  programs.  Preliminary  results 
show  10-40  times  faster  execution  when  compared 
with  an  MC68000  (10  MHz  clock). 

The  LEP  experiment  L3  has  ordered  two  ma- 
chines to  be  used  for  evaluation,  with  an  option  on 
four  more  later,  and  is  now  collaborating  for  software 
and  hardware  development. 


FASTBUS 

CERN/DD-built  models  of  the  high-performance 
CERN  FASTBUS  interface  (CFI),  which  allows  a  host 
on  CAMAC  to  access  FASTBUS  modules,  were  deli- 
vered to  NA31,  ALEPH,  DELPHI,  and  Saclay. 

The  CFI  is  capable  of  performing  block  transfers 
on  FASTBUS  at  12  Mbytes/s,  contains  logic  to  exe- 
cute sequences  of  FASTBUS  operations,  and  can  op- 
tionally buffer  128  Kbytes  of  data.  In  addition,  special 
features  include  data  formating,  and  the  possibility  of 
externally  triggering  a  list  of  operations  on  FASTBUS 
and  looping  on  one  or  several  FASTBUS  op? rations. 

The  CFI  is  now  being  produced  and  tested  by  a 
European  manufacturer  The  CERN  support  for  these 
interfaces  is  handled  within  the  present  DD  On-line 
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Computer  Pool  framework.  The  flexibility  of  the  CFI 
deugn  has  been  exploited  by  industry,  which  is  gene* 
rating  both  a  VME  to  FASTBUS  and  a  Norsk  Data  to 
FASTBUS  interface.  Implementations  of  a  direct 
VAX  to  FASTBUS  interface  are  under  investigation. 

The  standard  FASTBUS  routines  and  test  pro- 
grams are  now  supported  on  VAX,  MC68000,  ND, 
and  PDP  host  machines  for  FIOR!  (FASTBUS  to  I/O 
Register  Interface),  CFI,  and  Fast  Sequencer  inter- 
faces and  for  a  timing  diagrams  generator.  The  CFI 
has  also  been  successfully  incorporated  into  the  NA31 
VAX  on-line  system,  and  their  first  data-taking  period 
was  completed  with  only  minor  teething  troubles.  All 
hardware  interfaces  are  at  present  driven  by  CAM  AC 
or  VME  I/O  registers. 

Bi-weekly  meetings  have  been  hdd  throughout 
the  year  with  end-users,  particularly  with  those  from 
the  LEP  groups  and  with  members  of  NA31  and  the 
VIRTUS  (Very  Intelligent  Real  Time  Event  Selector) 
project.  These  meetings,  which  will  continue,  have 
been  most  fruitful  in  assessing  priorities  and  in  encou- 
raging user  production  of  portable  general- purpose 
software 

Jointly  with  EP  Division,  a  prototype  Service  Re- 
quest Handler  was  designed  and  debugged.  A  suite  of 
test  programs  was  translated  from  FDL  (FASTBUS 
Diagnostic  Language)  into  PILS  to  commission  stand- 
ard Segment  Interconnects  (built  at  the  University  of 
Illinois)  The  close  association  with  the  ESONE  and 
NZM  FASTBUS  Design  Groups  was  contiuued.  These 
groups  are  currently  involved  m  a  revision  of  the  draft 
FASTBUS  Software  Standard  for  publication  in  1985 


Direct  Support  to  Expert  meats 

LEP  Experiments 

ALEPH :  The  Division  was  involved  in  the  plan- 
ning of  software  specifications  and  design,  and  the 
evaluation  of  software  design  methodologies,  program 
development  tools,  hardware/systems  environments, 
and  utility  software. 

A  Monte  Carlo  program  has  been  developed 
using  the  GEANT  (Generation  of  E.cnts  ANd  Tracks) 
package  The  structuring,  organization,  and  mainten- 
ance are  done  at  CERN  on  IBM  and  VAX  computers. 
The  outside  laboratories  develop  the  software  cor- 
responding to  the  detector  they  have  m  their  charge 
An  intensive  test  of  HISTORIAN  has  been  performed 
using  the  Monte  Carlo  program 


The  prototype  of  the  ADAMO  (ALEPH  DAta 
MOdd)  data  definition  and  manipulation  system  is 
utder  development.  Its  purpose  is  to  define  and  mani- 
pulate symbolically  the  data  structures  from  a 
FORTRAN  program,  without  any  knowledge  of  the 
underlying  representation  in  memory  or  mass  storage. 

DELPHI:  A  big  effort  has  taen  made  to  design  a 
system  to  describe  the  detettor.  A  structured  data 
base,  satisfying  the  specific  requirements,  has  been 
proposed  and  implemented  using  KAPACK  as  the 
basic  package.  Tools  have  been  provided  to  perform 
the  standard  data-base  operations  together  with  those 
required  to  export/import  the  detector  description. 
All  this  software  is  being  tested  using  the  DELPHI 
simulation  program,  and  new  features  (3D  graphics 
etc.)  are  being  implemented  to  make  the  system  more 
genera]  and  complete. 

13:  A  time  expansion  chamber  (TEC),  which 
should  serve  as  a  prototype  for  the  TEC  of  U,  is  un- 
der construction  for  the  Mark  J  experiment  at  DESY. 
For  this  chamber  the  Division  has  developed  the  elec- 
tronics for  reading  out  the  track  signals  and  their 
transmission  over  60  m  long  cables.  The  168  channels 
of  this  electronics  are  being  constructed. 

In  view  of  a  possible  use  of  silicon  microstrips  as 
a  complement  to  the  TEC  in  L3,  the  Division  colla- 
borated in  a  silicon  microstrip  subgroup  of  the  L3  cen- 
tral detector  group.  In  collaboration  with  EF  Division, 
DD  has  participated  in  setting  up  a  clean  room  for  the 
handling  and  testing  of  silicon  microstrips  and  asso- 
ciated electronics.  For  this,  two  systems  (based  on 
VME  and  G64)  for  controlling  the  instruments  were 
selected. 

Special  amplifier  circuits  were  developed  and  real- 
ized using  thick-film  hybrid  technology.  For  this  pur- 
pose the  necessary  instruments  for  the  prototype  con- 
struction of  such  hybrids  were  installed  at  CERN.  The 
volume  production  of  these  circuits  in  industry  was 
supervised  and  they  are  now  used  by  NAM,  UA4,  and 
bioiogjcal  institutes  in  Paris  and  Heidelberg. 

There  were  continuing  discussions  with  industry 
about  the  development  of  a  CCD  integrated  circuit  for 
the  parallel-to-serial  conversion  of  detector  readout . 

OPAL:  The  main  contribution  to  the  OPAL  Col- 
laboration has  been  in  the  area  of  pattern  recognition 
in  the  central  detector.  For  this  purpose,  a  fairly  real- 
istic simulation  of  this  detector  has  been  developed 
and  used  to  test  a  new  method  of  track  finding  based 
on  a  conformal  mapping  of  the  data.  The  method  is 
still  in  the  development  stage  but,  already  now,  is 
giving  excellent  results,  it  is  expected  that  the  method 
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can  be  tested  on  real  data  from  a  full-size  prototype  in 
the  near  future. 


Collider  Experiments 

UAI:  The  software  support  to  UAI  continued 
with  the  setting  up  of  all  on-line  programs  on  the 
ND-500,  the  setting  up  of  programs  in  the  on-line 
168E  processors,  and  the  setting  up  of  'BOL-type* 
software  on  the  ND-500  for  fast  feedback  to  the  expe- 
riment. In  addition,  monitoring  and  bookkeeping 
packages,  together  with  calibration  programs  for  the 
Central  Detector,  were  provided  support  was  given 
for  all  standard  CERN  packages  on  the  WD-500. 

The  UAI  systems  were  linked  with  Norsk  Data's 
local  area  network  COSMOS,  and  the  installation  of 
an  additional  ND-100  at  UAI  is  in  preparation, 
requiring  careful  planning  to  avoid  disturbing  their 
data-taking. 

To  improve  the  data-acquisition  system,  the 
industry-standard  VME  bus  with  MC68000  micro- 
processors is  being  introduced  into  the  UAI  readout, 
monitoring,  and  supervision.  As  almost  nothing  in 
terms  of  hardware  and  software  existed,  a  bis  develop- 
ment effort  had  to  \  -  made,  which  has  led  to  a  new  set 
of  VME  modules.  The  Division  contributed  to  the 
MacVEE  project  by  developing  the  software  for  the 
Macintosh  computer. 

UA2:  All  UA2  programs  have  now  been  con- 
verted to  FORTRAN -77.  The  production,  Monte  Car- 
lo, and  DST  programs  have  been  implemented  on  the 
CDC  875,  although  the  lack  of  memory  still  makes 
serious  production  running  on  this  machine  out  of  the 
question.  Much  effort  has  gone  into  speeding  up  the 
programs  and  reducing  the  amount  of  memory  used. 

The  UA2  on-line  graphics  has  been  converted  to 
use  Mim-GD3.  The  filter  program  has  been  substan- 
tially altered,  now  performing  calorimeter  pattern  re- 
cognition and  more  stringent  software  tests  in  order  to 
reduce  the  amount  of  data  needing  further  processing. 


SPS  Experiments 

North  Area:  For  NA9  and  NA28  there  remains 
low- level  support  for  existing  software.  The  new  pola- 
rized taiget  experiment  has  very  modified  hardware 
and  this  necessitated  a  complete  rewn'e  of  the  pattern 
recognition  program  plus  major  modifications  to  all 
programs. 

94 


During  spring  and  summer,  the  NA3  experiment 
has  taken  data  for  a  gluino  search.  This  new  activity 
has  required  modifications  in  the  software,  mainly  in 
the  momentum  calculation. 

The  final  DST  for  the  NA27  t  data  was  produced 
by  the  summer,  and  physics  papers  are  now  beginning 
to  appear.  .The  most  crucial  detector  for  the  physics 
aims  of  NA27  (the  study  of  short-lived  decays)  is  the 
vertex  detector:  the  high-resolution  bubble  chamber 
LEBC.  A  corresponding:/  substantial  amount  of  time 
has  been  devoted  to  the  calibration  of  this  device  fal- 
lowing the  1983  rebuild,  and  to  tuning  the  vertex  fit  to 
exploit  the  increased  resolution  now  available.  Tne 
CERN  ERASME  on-line  program  has  also  been  up- 
dated to  give  a  higher  throughput  in  order  to  finish  the 
experiment  before  the  scheduled  ERASMS  close- 
down at  the  end  of  1986. 

A  program  was  developed  to  analyse  this  year's 
test-run  data  of  the  CP-violation  experiment  NA31.  In 
view  of  next  year's  serious  data-taking,  all  calibration 
data  as  well  as  the  geometry  description  are  kept  in  a 
KAPACK  data  base.  This  data  base  is  constructed  to 
be  portable  to  IBM,  CDC,  or  VAX,  using  the  EPIO 
paci.age. 

A  general  Monte  Carlo  simulation  program  was 
coded,  allowing  events  to  be  written  onto  tape  in  the 
correct  on-line  EPIO  format  of  the  experiment.  This 
program  has  to  be  fast  enough  to  determine  the  small 
difference  in  acceptance  of  the  Kl  and  Ks  beams  with 
a  small  statistical  error- 

The  Division  continued  to  be  responsible  for  the 
maintenance  of  the  on-line  software  and  for  the  read- 
out hardware  which  L  constructed  for  the  EHS  spec- 
trometer. In  addition,  direct  support  was  given  for  the 
calorimeter  electronics  and  their  associated  control 
software. 

West  Area:  The  neutrino  experiment  stopped 
data-taking  in  September.  The  pattern  recognition 
program  and  the  Monte  Carlo  program  have  been 
much  used  in  production. 

During  the  course  of  the  year  an  unexpectedly 
high  level  of  support  has  been  given  to  the  CHARM 
Collaboration  in  the  final  phases  of  the  WA18/1 
experiment.  The  last  period  of  data-taking  is  now 
complete  and  the  detector  has  been  dismantled. 

Foi  the  new  experiment  of  the  CHARM  Colla- 
boration (first  test  runs  fore?een  in  1985)  it  was  deci- 
ded to  rewrite  the  on-line  software  for  the  new 
ND-IOO/500  system,  to  rewrite  the  off-line  analysis 
program,  introducing  a  memory  manager,  and  to 
make  all  monitoring  tasks,  display  programs,  and  ana- 
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lysis  tasks  use  the  same  memory  structure,  thus  mak- 
taf  them  available  bods  on-  and  offline.  Also  the 
beam -line  monitoring  is  bdn$  chanted. 

For  the  Omegt  facility,  work  has  been  done  on 
TRIDENT  to  deal  with  high  track  multiplicity  events* 
"his  has  led  to  unproved  methods  for  track  finding. 
Modifications  to  the  old  Omega  vertex  package  were 
necessary  m  order  to  fit  up  to  30  tracks  to  a  vertex. 


Mi*ctUa»eo«s  Activities 

Maintenance  of  the  six  ERASME  measuring 
tables  continued.  Help  was  given  to  the  Junta  de  Ener- 
gia  Nudear  in  Madrid  to  revise  their  ERASME  table. 

The  software  package  MDS  from  PCK  for  the 
multiwire  technology  has  been  acquired  and  adapted 
to  the  CERN  environment.  The  system  is  installed  on 
a  VAX  and  has  been  made  user  friendly  with  an 
extensive  command  file.  Plot  files  are  sent  over  CER- 
NET  to  the  plotters  on  the  mainframes  in  the  Compu- 
ter Centre.  A  dense  VME  botrd  has  been  designed  and 
successfully  manufactured  using  this  tool.  Large, 
high-density  boards  for  308 1 /E  and  FASTBUS  are 
currc  (ly  being  designed  with  this  software. 

An  experiment  to  use  the  CMOS  standard  cell 
design  methods  in  a  Multi-Project  Chip  (MPQ 
environment  Is  under  way  and  results  will  soon  be 
available  Meanwhile,  work  is  being  done  to  produce 
software  tools  to  make  the  design  and  verification 
work  more  tractable  and  less  error  prone. 


The  modelling  program  SPICE  was  installed  on 
the  ERASME  VAX.  It  will  be  used  for  developing  spe- 
cial analog  circuits. 

Divisional  staff  continued  to  dedicate  time  to 
CERN's  training  efforts.  Lectures  were  given  in  the 
Academic  Training  Programme  and  in  the  Summer 
Student  Programme.  Four  staff  taught  in  the  Techni- 
cal Training  Programme.  Special  courses  were 
given— amongst  others,  on  data  bases,  CAD,  and 
programming  of  Array  Logic  chips  (PALs).  The  Divi- 
sion is  responsible  for  organizing  the  Computer 
Seminars.  The  Informatics  Tutorials  continued  to  be 
a  success;  this  year,  courses  on  UNIX,  Computer 
Architecture,  and  the  C  programming  language  were 
given. 

The  CERN  School  of  Computing  took  place 
in  September  in  Aiguablava,  Spain.  Besides  the  usual 
organizational  efforts,  the  Division  provided  four  lec- 
turers. The  School  was  attended  by  86  participants 
from  10  countries.  As  a  result  of  this  success,  it  was 
decided  to  organize  the  CERN  Schools  of  Computing 
on  a  yearly  basis  from  1986  onwards.  The  Division 
also  continued  to  collaborate  with  the  International 
Centre  for  Theoretical  Physics  in  Trieste,  organizing 
microprocessor  courses.  In  1984  a  course  was  held  in 
Sn  Lanka. 

Members  of  the  staff  a!:o  took  part  in  the  work 
of  i  itemational  standardization  committees,  notably 
for  ue  new  FORTRAN  standard  and  for  network 
protoc  Ms. 
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Proton  Synchrotron  Division 


Rs*r*  1—ZSlh  ewhrenery  embkm,  skowint  the  develop- 
ment of  the  mxeiermtor  complex;  /WJL-  SO  MtV  protons 
(UnmcIK  1959  protons  *  G<V  enerf*  (KL  1972.  injection 
to  PS  «  900 MeV  (Booster);  197$:  further  mom*  Ui  bemm 
intensttr  (Linoc  II)  :  1990.  cooled  p  In  production  (AA). 
IM2.  stcedy  stremms  of  pure  lo\^enerty  p  from  LEAP.  For 
the  future  1996.  e"  mde'  from  the  LEP-preixJeacr;  1967  ■ 
order  ofmqnltwic  Inert**  In  p  production  with  A  COL. 


Introduction 

Celebrating  its  twenty-fifth  anniversary  of  opera- 
tion this  year,  the  PS  corrplex  of  accelerators  had  de- 
veloped far  beyond  what  might  have  been  imagined 
when  the  pioneering  alternating  gradient  synchrotron 
produced  its  first  high  energy  protons  in  November  of 
1959.  Early  on  tn  its  career  it  acquired  a  second  ex- 
perimental area,  the  East  Hall,  and  shortly  afterwards 
there  began  the  first  improvement  programme  to  in- 
crease beam  intensities— by  1984,  these  had  reached 
some  ten  thousand  times  the  original  design  figure. 
There  followed  the  highly  successful  antiproton  pro- 
gramme,  culminating  in  a  triumph  for  experimental 
physics  at  CERN,  based  entirely  upon  obtaining  a  per- 
formance from  the  PS  complex  sufficiently  reliable 
and  efficient  to  make  the  search  for  rare  events  feasi- 
ble At  the  same  tune,  the  unparalleled  flexibility  of 
the  machines  and  their  control  system  enabled  pro- 
tons, antiprotons  (and  even  light  ions)  over  a  wide 
range  of  energies  and  intensities  to  be  supplied  to 
several  different  users  running  their  experiments  con- 
currently. Nor,  in  1984,  had  the  process  of  develop- 
ment  slowed  down.  Preparations  were  well  under  way 
for  the  acceleration  of  electrons  and  positrons  to 
supply  the  new  'big  brother'  LEP,  and  a  new  device 
under  construction  (ACOL)  was  expected  to  multiply 
the  antiproton  accumulation  rate  by  a  factor  of  at 
least  ten  when  it  came  on  stream  in  1987.  So  it  was 
with  justifiable  pride  that  the  twenty-fifth  anniversary 
of  this  unique  facility  was  duly  celebrated,  and  the 
machines  themselves  had  their  say  by  creating  new  per- 
formance records  whilst  the  feasting  was  still  going  on. 

Although  perhaps  not  quite  so  nch  in  drama  as 
the  preceding  year,  1984  nevertheless  had  its  triumphs. 
A  systematic  development  programme  throughout  the 
complex  resulted  in  a  solid  benefit  to  overall  perform- 
ancc,  so  that  Collider  operation  in  the  last  running 
period  achieved  more  than  two-and-a-half  times  the 
integrated  luminosity  of  the  same  period  in  1983. 
LEAR  was  able  to  operate  for  a  24  hour  day,  and  ex- 
tended  its  range  of  available  momenta,  as  well  as  pre- 
paring further  developments  (including  the  'energy- 
scanning'  mode)  for  1985.  The  ISR  were,  after  initial 
problems  with  a  somewhat  difficult  form  of  operation 
for  the  PS,  successfully  supplied  for— sadly—their 
very  last  experiment.  Likewise,  the  final  experiments 
in  the  long  series  of  neutrino  investigations  using  the 
PS  got  a  good  send-off .  The  original  PS  injector, 
Linac  1,  underwent  a  renaissance,  and  preparations 
were  under  way  to  shift  the  whole  machine  to  t  heal- 


thier and  more  convenient  location.  The  project  for 
computerization  of  the  PS  controls  system  was  com- 
plcted,  although  developments  since  the  original  plans 
were  drawn  up  meant  that  the  conversion  programme 
continued.  At  the  Synchro-Cyclotron  a  full  range  of 
light  ions  was  available  to  experimenters  for  the  first 
time.  Installations  for  the  second  on-line  isotope  sep- 
arator (ISOLDE  3)  were  proceeding,  and  preparations 
were  in  hand  to  increase  *he  proton  and  helium  ion 
beam  intensities.  Both  the  LEP  Preinjector  project 
and  the  design  of  the  new  Antiproton  Collector 
(ACOL)  made  good  progress. 


PROTON  SYNCHROTRON 
The  Physics  Programme 
Operation 

1984  saw  the  end  of  a  long  and  fruitful  associa- 
tion when  the  ISR  finally  took  its  last  supply  of  PS 
particles.  A  sad  day,  but  not  entirely  without  its  com- 
pensations, for  the  difficult  task  of  scheduling  the 
many  different  users  was  significantly  simplified. 
Another  era  ended  when  the  last  of  the  many  neutrino 
experiments  finished  its  run  in  July.  Whilst  perhaps 
not  so  spectacular  as  1933,  the  year  yielded  its  share  of 
new  record  performances. 
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The  year  began  with  the  usual  long  shutdown 
uwZ.  among  all  the  other  work  which  had  accumulated 
dunnf  the  almost  continuous  operation  of  the  pre- 
vious twelve  months,  major  changes  were  made  to  the 
radiation  safety  and  access  control  system.  Transfer  of 
displays  and  controls  to  a  new  console  in  the  Main 
Control  Room  made  it  necessary  to  reconstruct  the 
interlock  chains,  and  the  opportunity  was  taken  to  use 
more  modern  components  and  techniques,  besides 
generally  reviewing  the  logic.  At  the  same  time  an  ad- 
ditional interlock  facility,  intended  to  be  a  safeguard 
against  possible  faulty  procedures,  was  introduced  on 
80  doors.  Some  manufacturing  delays  by  contractors, 
and  a  few  wrong  cable  connections  (more  than  18.000 
points  were  modified  1)  hindered  the  essential  thorough 
checking  and  testing  programme  required  to  establish 
a  fully  safe  situation,  and  it  was  decided  to  delay  the 
procedure  for  starting  up  the  accelerators  by  ten  days. 

To  minimize  the  effect  of  the  delay  on  the  ex- 
perimental programme,  purely  technical  aspects  of 
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starting  up  the  accelerator  >  wcie  cut  down  to  the  abso- 
lute essentials.  Predictably,  the  newly-computerized 
controls  for  beam  extraction  and  transfer  suffered 
some  teething  troubles,  and  matters  were  not  helped 
by  three  failures  of  the  incoming  electricity  supply.  A 
good  deal  of  hard  work  was  put  in  by  all  concerned 
and,  adopting  the  strategy  of  getting  things  going  first 
and  optimizing  later,  no  fewer  than  1 1  different  kinds 
of  beam  were  produced  during  the  fust  month,  includ- 
ing antiprotons  at  3.5  GeV/c  for  the  urn  runs  of  the 
1SR  and  decelerated  and  protons  at  0.6  GeV/c  for 
LEAR.  Providing  antiprotons  for  the  ISR  at  AA  mo- 
mentum, i.e.  using  the  PS  as  a  transfer  line,  proved  a 
tncky  process  to  adjust  and  maintain,  and  there  were 
some  difficulties  in  getting  a  large  enough  ISR  stack  to 
satisfy  the  experiments  which  were  taking  data.  Since 
LEAR  experiments  were  in  direct  competition  for  the 
limited  supply  of  antiprotons  available,  rather  delicate 
negotiations  took  place  on  a  day-to-day  basis  to  try  to 
ensure  that  everyone  got  their  fair  share.  The  new 
possibility  of  supplying  LEAR  with  only  a  short  inter- 
ruption in  antiproton  production,  enabling  that 
machine  to  run  on  a  24  hours  per  day  basis,  helped 
somewhat,  and  the  reproducibility  of  the  3.5  GeV/c 
transfer  was  eventually  improved  by  using  the  same 
magnet  cycle  as  for  deceleration  for  LEAR.  Perform- 
ance steadily  improved,  and  in  April  the  transfer 
momentum  of  protons  to  the  SPS  was  put  up  f.om  10 
to  14  GeV/c,  significantly  increasing  tir  overall  effi- 
ciency of  the  process. 
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In  May,  after  early  difficulties  once  again  due  to 
electricity  supply  failures,  performance  reached  a 
steady  levd  equivalent  to  the  best  obtained  in  the  pre- 
ceding month.  The  3.5  GcV/c  transfers  to  <he  ISR 
became  quite  efficient,  and  stored  beams  of  5  mA 
were  regularly  produced.  Transfer  to  the  SPS  at 
14  OeV/c  became  routine  and,  supplied  with  2  x  101' 
protons  per  cycle,  that  machine  shortly  reached  new 
record  intensities  (passing  the  ♦mafic'  figure  of 
x  x  10"  accelerated  protons).  Antiproton  extraction 
from  L"-AR  at  1.5  GcV/c  came  into  service  in  a  re- 
markably short  time.  Unfortunately,  development 
work  on  the  machines  was  seriously  disturbed  by  a 
fault  on  the  AA  magnetic  focusing  horn.  In  June,  ope- 
ration was  somewhat  troubled  by  the  effect  of  summer 
storms  on  the  power  hnes;  the  ISR  lost  their  anti- 
proton  stack,  and  an  unscheduled  special  refill  had  to 
be  provided  so  that  experiment  R704  could  complete 
its  data  and  retire  gracefully  from  the  scene.  Protons 
once  again  became  available  for  the  many  users  of  the 
East  Hall  test  beams. 

Although  July  began  well,  the  situation  shortly 
deteriorated,  and  there  were  numerous  breakdowns. 
The  worst  trouble  was  caused  by  sporadic  misf unction 
of  two  key  systems,  one  controlling  transfer  of  PS 
beam  in  all  directions  and  the  other  the  sequence  of 
parameter  switching  for  the  programmed  magnet 
cycles  So  much  time  was  lost  that  it  was  eventually 
decided  to  extend  the  last  run  for  the  neutrino  oscilla- 
tions experiments  by  two  weeks  and  to  postpone  the 
scheduled  machine  development  sessions.  Towards  the 
end  of  the  month  the  AA  came  back  into  service  after 
two  weeks  of  development  work  and  tests,  with  a  new 
pulsed  target  and  a  lithium  lens  to  focus  the  proton 
beam  on  to  it.  Antiproton  yield  was  up  by  some  50%, 
but  unfortunately  the  target  only  lived  for  %  day  and  a 
night;  the  lens,  however,  kept  going  LEAR  had,  as 
predicted,  a  difficult  time  setting  up  extraction  at  the 
new  momentum  of  200  MeV/c. 

In  August  the  fault  rate  diminished,  but  still 
remained  higher  than  average  There  was  trouble  with 
cooling  water  systems,  HT  feeds  to  the  Booster 
extraction  kicker  and,  rather  more  esotencally,  dis- 
turbances caused  by  unexpected  effects  of  the  ISR  dis- 
mantling. Computer-controlled  synchronic  I  ion.  still 
bang  run  in,  also  gave  some  problems.  However,  the 
run  of  the  neutrino  oscillations  experiment  was  suc- 
cessfully completed,  wuh  8.7  x  ]0U  protons  having 
been  delivered  to  the  target,  and  the  bubble  chamber 
DEBC  having  taken  more  than  half  a  million  pictures 
The  efficiency  of  utilization  was  enhanced  by  the  use 


of  systematic  supercycle  changes,  <o  that  LEAR  and 
the  East  Hall  got  a  good  share  of  the  beam  available. 
(N.B.  For  an  explanation  of  supercycle  operation,  see 
the  Annual  Report  for  1983,  p.  79.)  At  the  end  of 
the  month  a  week  was  spent,  in  collaboration  with 
the  SPS,  in  preparing  for  the  forthcoming  important 
proton -anti proton  collider  operation. 

Setting-up  of  the  machines  for  the  collider  run 
went  rather  well,  and  data  taking  by  the  SPS  experi- 
menters began  before  the  end  of  September.  Overall 
efficiency  and  beam  quality  reached  the  best  levels  ob- 
tained in  1983  and  stayed  there.  A  short  stop  in  order 
to  make  adjustments  to  the  AA  stochastic  cooling  sys- 
tems quickly  paid  dividends  in  the  shape  of  a  substan- 
tial increase  in  the  antiproton  accumulation  rate.  With 
a  production  beam  of  1.4  x  10"  protons  striking  the 
target  every  2.4  seconds,  peak  values  of  more  than 
6  x  10'  pVhour  were  recorded,  and  after  <30  days  the 
integrated  luminosity  reached  in  the  SPS  was  two-and- 
a-half  times  greater  than  for  the  equivalent  period  in 
1983.  However,  the  smooth  running  of  the  AA  was  in- 
terrupted on  several  occasions  by  a  mysterious 
blow-up  occurring  in  the  accumulated  stack.  The  Cast 
Hall  beams,  having  a  relatively  low  priority,  lost  some 
of  their  scheduled  time  to  studies  aimed  at  further 
improving  collider  operation. 

The  fault  rate  in  October  remained  low  until  the 
er,d  of  the  month,  when  a  stop  sci  xJulcd  for  technic*! 
reasons  had  to  be  unexpectedly  extended  from  two 
days  to  five.  This  was  due  to  a  leak  in  the  heat  ex- 
changer of  the  main  magnet  generator  lubricating  sys- 
tem, and  the  unit  had  to  be  replaced.  November  was  a 
highly  satisfactory  month;  even  without  its  lithium 
lens,  the  AA  maintained  an  excellent  performance, 
with  accumulation  rates  normally  above  6  x  10* 
fVhour  and  reaching  a  peak  of  7  x  10*.  Overall  trans- 
fer efficiency  between  the  AA  and  the  SPS  frequently 
hit  80%,  and  new  high  values  of  luminosity  at 
315  GcV/c  resulted.  Despite  numerous  schedule  chan- 
ges, the  East  Hall  beams  eventually  got  the  total  run- 
ning time  allocated.  LEAR  made  its  first  tests  with  H" 
ions  (supplied  by  Linac  1)  and,  returning  to  protons, 
tried  out  deceleration  down  to  lOOMeV/c;  this  worked, 
but  stability  was  inadequate. 

With  impeccable  timing,  the  PS  celebrated  its 
25th  birthday  on  November  23rd  by  breaking  two 
records— it  delivered  !.«  x  10"  protons  per  pulse  to 
the  production  target,  and  the  circulating  beam  in  the 
AA  reached  3.87  x  10"  antiprotons.  Finally,  in 
December,  the  causes  of  the  mysterious  stack  blow-up 
in  the  AA  were  diagnosed  a«d  curative  measures  were 
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Figure  4— Schemes*  autsrjm  5/  fV  W  beams  and  experimental 
complexes  in  I9$4 


US  ACS  I  AND  II 
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Me  V  protons,  Lvsc  11  If  normally  used for  rtgular  operation 
Unac  1 etn  provide*  e  proton  lest  beam  and  H"  ions f Of  LEAR. 
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LEAR.  Ike  low  energy  antiprotom  ring,  Is  designed  to  pro- 
tide  pure  beams  of  'tooled'  entlprotcns  between 
0. 1  end  2  Ce  V/cfor  em  espe^mtmial  ere*  occvpytxg 
ike  remainder  of  the  South  Hatt 
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from  Unac  I.  or  with  enttprotons  at  06  GeV/c  ex- 
tracted from  straight  section  Mint  he  PS 

ES  cxtntctad  beam  tine  from  LEAK  fkted  wuh  equip- 

ment to  mtamre  beam  characteristic*. 

E6  supplies  Ike  experimental  areas  with  continuous 

streams  of  anttprotons  extracted  from  ike  LEAK 
stack  at  a  rate  of  about  i  x  lit  p/s.  The  beam  Is 
divided  Into  three  branches,  each  af  which  cam  be 
directed  into  omt  of  two  paths  leading  to  different 
erperimenlat  tomes.  RrUttvt  intensity  in  the  three 
main  branches  Is  adjustable  over  a  range  of  30:1. 
Beams  m,.  c,  and  c,  can  operate  at  up  to  2  GeV/c. 
endbeamsm^  Si  and  tt  at  up  to  about  I  OeVic 
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TTI 


takes  proton  beams  to  the  tSM  Mng  Hi  a  branch 
777  (not  shown)  supplies  the  target  for  the  "neu- 
trino omtfettom'  experiments  (KIM.  IK.  ami 
lilt 

isles  proton  beams  for  the  tSJt  Msmg  I  and  for  the 
SPS  (vie  TTIO.  mot  shown),  tt  amo  carries  protons 
for  >  production  and  for  teat  purposes  to  tkt  AoO- 
prpton  Accumulator  (AAL  and  entiprotont  return- 
ing from  tke  AA  to  the  Met  J J  Ce  V/s. 
suppbes  antiprotom  from  the  PS  to  IS*  Map  II. 
takes  antiprotoms  eccekruted  In  the  K  to  The  Sr*S 
for  coUkter  ixpa  unmet;  protons  can  me  sent  in  the 
opposite  direction  to  check  out  'he  be 


external  dump  buried  m  the  earth  outside  the  Xing 
wm%  used  for  t*x.ag  up  the  beams  tnnemtng  elans 
TTI  and  TT3.  and  mho  during  K  machint  devaiop- 


m 

7770 


EAST  HALL  (E) 

Slow  extraction  from  straight-section  43:  the  primary  beam.  m.  ts 
dtvtded  into  two  branches  and  targets  in  each  of  these  provide 
four  secondary  beams.  The  letter  mm  suppty  Intensities  ef  about 
10*  hadrons  (or  I0*'l<t  i*e' .  deprndbtf  upon  momentum),  for 
10*' protons  of  3d  GeV/c  on  terjH.  with  .\p/p  -  1%  Beams  tt 
and h  can  Operate  at  up  to  10  GeV/c.  andlm  mdt„  at  up  to  i  and 
S.iGeV/c  respectively 
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FlpvtS— LEAR  Expcrim,- tat  grt*  B«tm  pro/Ik  ******  tt  PSH5 

focus. 

Resolution.  OMmm/btx 
Intensity,  m  t<?  tntificotons/MCOttd 

p  HCkVtc. 


ukcn.  The  collider  run  proved  to  hive  been  extremely 
successful— integrated  luminosity  in  the  SPS  sur- 
passed the  target  figure  by  some  30%,  reaching  395  4 
nbarn"  \  or  a  factor  of  2.6  higher  than  in  1983. 


ExperiaKStal  Areas 

In  the  PS  South  Hall,  entirely  devoted  to  ex- 
perimenis  using  the  pure  low-energy  an li proton  beams 
provided  by  LEAR  (q.v.),  some  improvements  were 
made  to  the  installations  during  the  long  shutdown  at 
the  beginning  of  the  year.  Some  vacuum  chambers  in- 
side magnets  were  replaced  by  a  more  suitable  material 
(stainless  sted  instead  of  aluminium  alloy),  some  of 
the  multiwire  proportional  chambers  employed  for 
beam  control  were  repositioned,  and  the  comp  iter  ac- 
quisition of  monitor  measurements  was  improved. 
New  fire  and  gas  detection  systems  were  installed. 

From  March  to  September  the  sixteen  experi- 
ments installed  on  the  floor  received  a  total  of  about 
690  hours  of  experimental  physics  beam  time.  A  new 
operational  mode  had  become  possible,  enabling 
LEAR  to  function  24  hours  per  day  whilst  antiproton 
accumulation  in  the  AA  continued  almost  uninter- 
rupted.  The  extracted  beam  spill  duration  was  about 
one  hour,  providing  intensities  of  up  to  -  105  p/s  for 
the  three  experiments  usually  working  simultaneously, 
two  splitter  magnets  being  used  to  divide  the  beam. 
Frequent  changeovers  were  made  to  give  all  the  ex- 
periments a  fair  share.  Five  different  momenta  were 
available,  namely:  201,  310,  612,  1480  and  1512 
MeV/c.  At  the  lowest  momentum  of  201  MeV/c  there 
were  beam  stability  problems  both  in  the  machine  and 
in  :he  transfer  lines.  Nevertheless,  quality  was  good; 
for  example,  at  310  MeV/c  the  beam  was  focused 
down  to  a  spot  size  of  around  1  mm2  (Expt.  PS  177) 
and  an  even  smaller  dimension  was  achieved  at  1512 
MeV/c  (Expt.  PS  185 -see Fig.  5). 

No  protons  were  n liable  for  the  East  Hall  ex- 
tracted beam  until  June.  Consequently  the  first  part  of 
the  year  could  be  used  to  complete  the  distribution 
network  for  various  gases  and  the  gas  and  fire  detec- 
tion systems  in  the  primary  beam  tunnels.  The  approved 
continuation  of  experiment  PS  1 88  required  some 
beam  and  layout  modifications,  and  in  the  beam  line 
(tj)  magnet  measurements  and  alignment  checks  were 
made  in  order  to  resolve  some  discrepancies  in  mo- 
mentum measurements  Beam  transport  elements  were 
overhauled  and  exchanged  to  provide  the  elements  for 
the  new  LEAR  injection  line  (E3). 


From  June  onwards,  protons  became  available 
for  the  East  Hall  for  a  part  of  each  weekday.  The 
three  test  beams  (t»,  tie  and  tn)  were  extensively  used 
for  tests  of  equipment  for  various  SPS  experiments 
and  also  development  work  on  detectors  for  LEP 
experiments.  Experiment  PS  188  ('channelling')  con- 
tinued taking  data  in  the  tj  beam. 

The  last  run  of  the  beam  specially  built  (in  TT7) 
for  the  neutrino  oscillations  experiments  took  place  in 
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F^i-TM*ntStcw*jCvmkl*tl«KH*  Court  *oom 
Tmrtdan  mo*tion  tmdfor  mx*m  co*nol  mi  opmttk^  i*Jorm+ 

mt  mombon  tkow+tf  imjormmion  Mftf  suppixd  to  PS  w*d  SPS  tarrt. 
m4*d*trmi<tfb^/^tkrom$k<mt  fhecompkx.  l*tk*ixs  t*e 
pnm*ct  of  o»mr<«  mck  *s  mo*itori*s  xrmm.  vamm  tttm,  «fr. 
(CEAN-24  10,1*41 


July.  As  in  1963,  the  target  received  -  1.25  x  10" 
protons  of  19.2  GeV/c  every  1 .2  seconds.  The  babble 
chamber  BEBC  completed  its  data-taking  (PS  180), 
and  a  new  experiment  (PS  191  -  Search  for  decay  of 
heavy  neutrinos)  also  took  data  with  detectors  placed 
in  the  1SR  intersection  region  11. 


Machines  and  Technical  Development 
Linear  Accelerators 

Linac  H,  proton  supplier  for  the  whole  PS  com* 
plex,  ran  reliably  without  any  major  problems.  The 
new  cleaning  technique  adopted  in  1983  for  the  750 
keV  preinjector  accelerating  column  proved  its  worth: 
reliable  high  voltage  operation  was  maintained 
throughout  1984.  Another  innovation  which  justified 
the  effort  put  into  it  was  the  control  system  'watch* 


dog'  program.  This  stopped  the  fan  source  trigger 
whenever  beam  losses  in  the  linac  or  transport  lines 
became  too  high,  and  informed  the  operator  what  had 
caused  the  abnormality.  Several  times  during  the  year 
it  saved  the  vacuum  pipe  from  being  hit  by  a  50  MeV 
beam  which  might  weU  have  holed  it.  Some  improve- 
ments were  made  to  the  machine  instrumentation,  and 
deuteron  acceleration  tests  were  successfully  per- 
formed. 

First  steps  were  taken  in  the  direction  of  operat- 
ing both  linacs  (and  LEAR,  which  shared  the  controls 
system)  from  the  PS  Main  Control  Room.  A  link  was 
established  between  the  Linac-LEAR  computers  and 
the  main  PS  control  system,  and  controls  for  the 
essential  elements  of  the  Unac  II— Booster  beam 
transport  line  were  incorporated  into  the  PS  controls. 

This  year  saw  a  good  deal  of  activity  around 
Linac  I  (the  original  PS  injector).  Most  noticeable  was 
the  replacement  of  the  500  kV  EHT  set,  with  its  huge 
Faraday  cage,  and  the  preinjector  accelerating 
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The  deetpok  confinement  megnet  endpiesme  chamber  of 
tfttt^iroiujmprodiiaionH'  ion  eowce/or  Unme  J  The  two  vertical 
bars  in  the  pktwrr  product  m  dtpoler  magnetic  field  In  the  piesmm, 
**ich  enhances  the  pro&Kfkm  of  H'  tens  by  dissociative  attachment 
on  &fhfy  excited  hydrofe*  mokatiex.  A  thermionic  cathode  it 
mounted  In  the  aperture  seen  at  the  rear.  (C£XN-33S  02  IMS) 


column,  by  the  relatively  inconspicuous  'RFQ\  to 
supply  the  accelerator  with  500  keV  particles.  (For 
further  information  on  the  RFQ,  see  1983  Annual 
Report,  page  85.)  An  H"  ion  source  of  the  'bucket* 
type  was  tested  towards  the  end  of  the  year,  and  re- 
sulted in  beam  pulses  of  80  *s  and  more  than  1  mA. 
Preparations  for  the  acceleration  of  O'*  ions  were 
rapidly  going  ahead,  and  a  scheme  was  adopted  which 
should  allow  for  a  quick  changeover  between  these 
particles  and  protons  or  H"  ions. 

The  considerable  saving  in  space  resulting  from 
the  installation  of  the  RFQ  made  it  possible  to  plan  an 
important  change  for  the  better  in  the  whole  machine 
layout  in  the  congested  area  where  the  two  linacs  and 
the  LEAR  beam  transport  tunnel  met  the  PS  Ring. 
The  shielding  wall  marking  the  boundary  of  the  Ring 
was  situated  half-way  along  Linac  I,  straddling  one  of 
the  accelerating  cavities  (Jank  2).  By  shifting  the 
whole  Linac  back  $ome  twelve  metres,  it  would 
become  completely  accessible  during  PS  operation. 


and,  moreover,  the  rather  weak  shielding,  in  an  area 
crossed  by  high  intensity  extracted  beams,  could  be 
considerably  reinforced.  Plans  were  made  to  complete 
the  essential  part  of  this  scheme  during  the  shutdown 
early  in  1985. 


Booster  Synchrotron 

In  o.':r  to  maintain  its  high  performance  and 
low  failure  rate  over  the  years,  the  Booster  has  under- 
gone  a  continuous  process  of  rejuvenation.  In  1984,  it 
was  the  turn  of  the  ageing  control  circuitry  of  the  main 
magnet  power  supply,  and  the  five  rectifier-inverter 
groups  were  converted  to  control  by  programmable 
logic  devices  dunng  the  long  shutdown  at  the  begin- 
ning of  the  year. 

The  record  intensity  of  10"  protons  reached  in 
each  of  two  of  the  four  Booster  rings  was  beneficial 
for  antiproton  production,  since  it  enabled  a  high  in- 
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/TfWY  I — T\t  rj  dtpok.  desttned  to  eseembk  bemmsfrom  the  four 
tepermte  Boost*  rix&  mpproprimtefy  for  injeahn  into  the  PS.  The 
aructurt  b  moneni  et the  b*nch  frtayency  of  8  MHz.  Current!  el  this 
f  touemy  flowing  in  oppomtt  dimrtions  tn  the  top  end  bottom  con- 
ductor! cremte  e  megmrficfieidproriding  the  correct  verttcet  deflection 
to  dfrwt  the  bunches  errtving «  different  times  end  angles  from  mo* 
r^txtequen&etorttthehortzo^mxittowerdsthePS. 
(CEXN-  791  11 1*3) 


Flptrt  9-Metn  components  of  theryttem  designed  to  ehemp  otomm- 
ttons  occurring  darby  mtfiproton  mMtion  into  the  PS  ot  3  J  GeV/c 
The  high  sensittvtty  pick-up  b  on  the  right  end  the  tkKtrommgnetic  ek* 
fiector.  with  to  pcrmw  mmptyers,  on  the  left  The  temper  mm  mcem 
ful  fn  conserving  trnmmm  emUtmncts  of  the  AA  antiproton  beam  for 
onwmrd  crenwnismon  to  the  SPS  0  26  CeV/c.  with  venues  mtowea 
10  t  mst  mrmd  horixonUHy  end  7  e  mm  mmd  vertkmlfy  rtgvinrij 
recorded  (CERN-3SS  9 1984) 


tip&ted  that  considerable  effort  would  have  to  be 
invested,  particularly  in  the  areas  of  instrumentation 
and  r.f.  control  loops. 

Investigations  into  the  feasibility  of  increasing  the 
Booster  top  energy  to  more  than  800  MeV  culminated 
in  a  successful  test  in  one  ring  showing  that 
1  GeV  could  be  reached.  This  had  some  importance 
for  future  developments,  since  space-charge  limita- 
tions in  the  PS  could  be  eased  by  using  a  higher  injec- 
tion energy. 


tensity  beam  to  be  sent  to  the  AA  target  without  using 
any  lossy  form  of  recombination  prior  to  injection 
into  tht  PS.  Taking  beam  from  just  two  Booster  rings, 
without  the  vertical  addition  process  previously  in  use, 
markedly  'educed  losses  in  PSB-PS  transfer,  and  pro- 
duced a  beam  of  higher  intensity  with  smaller  dimen- 
sions and  emittances,  resulting  in  more  efficient 
antiproton  production. 

A  further  development  towards  even  higher  in- 
tensity antiproton  production  beams  was  installed  and 
successfully  tested.  This  used  a  dipole  in  the  transfer 
line,  giving  a  sinusoidal  vertical  deflection  at  the 
bunch  frequency  of  8  MHz,  to  combine  beams  from 
pairs  of  rings  in  somewhat  the  same  way  that  a  zip  fas- 
tener works.  It  was  tried  out  in  machine  development 
sessions,  and  met  its  specification  after  optimization 
of  various  parameters.  In  practice,  the  scheme  would 
use  the  full  four-ring  Booster  beam,  trapping  20  PSB 
bunches  in  10  PS  buckets.  However,  it  was  not  put 
into  operational  service,  since  the  maximum  intensity 
that  the  PS  could  accept  currently  was  readily  availa- 
ble from  two  of  the  Booster  rings. 

Following  the  previous  year's  very  successful  ope- 
ration with  deuterons  and  alpha  particles  (for  the  late 
lamented  1SR),  development  work  began  on  the 
project  for  accelerating  very  low  intensity  beams  of 
oxygen  (0,+)  ions.  With  different  cycles  devoted  to 
different  users,  this  would  mean  that  an  intensity  va- 
riation of  five  orders  of  magnitude  between  one  pulse 
and  another  would  have  to  be  handled.  It  was  anti- 
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Plans  were  made  for  the  rearrangement  of  equip- 
ment in  the  PS  straight  sections  to  allow  for  the  in- 
stallation of  equipment  for  injection,  acceleration  and 
extraction  of  electrons  and  positrons;  it  was  intended 
to  implement  these  during  shutdown  periods  in  1965 
and  early  19G6.  The  prototype  Robinson  wiggler  mag- 
net (required  to  subuize  electron  and  positron  beams), 
after  beam  optics  tests  with  protons  in  the  PS,  went  to 
Orsay  for  further  tests  with  a  positron  beam.  These 
confirmed  the  damping  effect  predicted  by  theory,  so 
that  construction  of  the  three  magnet  of  this  type  to 
be  installed  in  the  PS  could  to  ahead. 

A  new  quadrupole  configuration  was  devised, 
combining  the  existing  quadnipoles  in  straight- 
sections  5  and  25  with  additional  units  placed  in  s-s  49 
and  s-s  65,  in  order  to  reduce  the  horizontal  beta 
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flp«r  lO-Computertzed  display  of  comparative  beam  losses  moat- 
tomlM  100  points  m**d  the  PS  ring  The  system  was  running  at  ktgk 
gem.  and  the  actual  losses  represent  only  a  small  /faction  of  the  cir- 
culating  baam.  A  simple  mode  of  operation  was  in  use.  supplying  the 
Anttproton  Accumulator  «/*  10"  26  GeV/c  protons  per  pulse  The 
ha  at  extraction  from  strmght+ectioa  It  is  clearly  visible,  the  other 
lots  points  correspond  to  minima  in  the  effective  aperture  of  the 
machine  (Polaroid 07.03  19$}) 


Figure  /I  -  TV  'ACEM'- Aluminium  Cathode  Electron  Multiplier  - 
used  to  monitor  beam  losses  in  the  PS  and  the  Booster. 
(CERN-49l.il  1964) 


functions  and  dispersion  values  at  the  points  where 
protons  and  antiprotons  are  extracted  (s-s  16  and  s-s 
58  respectively)  for  transfer  to  the  SPS.  It  was  expect- 
ed  that  the  resultant  reduction  in  horizontal  beam 
dimensions  would  increase  extraction  efficiency  and 
also  produce  a  kick  enhancement  effect,  reducing  the 
required  kicker  strength  by  35%. 

Random  steering  errors  of  a  few  millimetres  at  in- 
jection into  the  PS  of  the  anciproton  bunches  destined 
for  the  SPS  could  lead  to  transverse  emittance 
blowup  of  more  than  50V*.  It  was  decided  to  install  a 
damper  to  reduce  this  effect,  using  a  very  sensitive 
pick-up  to  detect  horizontal  and  vertical  oscillations. 
The  resulting  signals,  after  amplification,  were  fed  to 
an  electromagnetic  deflector  with  the  correct  phase 
and  time-delay  to  counteract  the  oscillations.  The 
apparatus  was  built  in  a  very  short  time,  to  be  ready 
for  the  Collider  run  starting  in  September,  and  it  per- 
formed well,  reducing  emittance  blow-up  to  less  than 
10%. 

Considerable  development  work  went  into  the 
various  systems  acquiring  information  on  beam  posi- 
tion, phase,  etc.,  through  pick-up  electrodes.  This  was 
necessary  in  order  to  be  able  to  cop*  with  the  wide 
range  of  intensities  and  bunch  lengths  encountered  m 
present  and  future  operation,  as  well  as  to  control  the 
acceleration  of  numerous  different  kinds  of  particle  in 
the  machine  (eg.  p,  p,  e" ,  e* ,  «,  d,  O1* ). 

Results  of  radioactivity  measurements  showed 
that  both  the  total  and  the  average  induced  activity  in 
the  PS  Ring  were  20%  lower  in  1983  than  in  1982, 
despite  an  increase  of  10%  in  the  number  of  protons 
accelerated.  Computer  control  of  the  beam  loss  moni- 
toring system  provided  a  continuous  display  of  the 
comparative  losses  at  100  points  around  the  PS  ring. 
This  system  was  based  on  the  'ACEM'  detector,  m 
which  electrons  expelled  from  an  aluminium  cathode 
by  radiation  are  fed  directly  into  a  ten -stage  electron 
multiplier,  whocc  £tin  can  be  readily  controlled.  \{ 
had  the  twin  advantages  of  a  wide  dynamic  range 
(~  10*)  and  high  radiation  resistance.  (N:B.  A  similar 
system  was  also  installed  in  the  Booster.) 


AntJpit)too  Accumulator 

Performance  of  the  AA  during  1984  was  very  sa- 
tisfactory. It  operated  for  5800  hours,  with  a  down- 
time of  no  more  than  13%,  producing  over  12  x  1011 
antiprotons.  The  biggest  stack  built  held  3  87  x  10n  p 
—  incidentally,  a  world  record. 
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Figure  12—FoUowmg  ptomeermg  work  et  Novosibirsk.  (Uhtum  hrnrn 
(using  current  flowing  tntkebgAt  meUt to  focus  prtick  beems  p*sstru 
through  a),  were  designed  end  constructed  1  FermUeb  One  of  these 
ww  brought  to  CEKN.  emd first  tested  downstreem  of  the  AA  terget  to 
concentrute  the  entiprotons,  with  good  results.  Subeeauentfy  ike  pulse 
trmtformer  mo  rebuilt  to  term*  its  redmtkm  resistance,  end  the 
Strict  wm  installed  ahead  of  ike  target  to  focus  protons:  again  the  tests 
were  successful  In  the  picture  the  U-turn  primary  of  ike  pube  trans- 
former is  prominent,  the  htktum  cylinder  (20  x  1 50  mm)  forming  ike 
secondary  fits  into  ike  centre!  aperture.  (Photo  CD  Johnson) 


Modifications  to  the  applications  software  made 
it  possible  to  chanfe  from  the  stacking  mode  to  the  ex- 
traction mode  in  a  matter  of  minutes.  The  emittance 
program  became  able  to  derive  values  for  the  stack 
core  as  well  as  the  average  through  the  whole  stack 
from  the  transverse  Schottky  signals.  A  scheme  for  au- 
tomatic  steering  of  the  injected  an ti protons  was  im- 
plemented. The  control  signals  were  derived  from  the 
electrons  produced  at  the  same  time  as  the  anti- 
protons,  which  had  a  similar  envelope  of  coherent 
oscillations. 

A  second  sextupole  was  installed  in  a  dispersion- 
free  straight  section  in  order  to  diminish  the  losses 
of  particles  with  large  oscillation  amplitudes.  The 
space  was  liberated  at  the  expense  of  a  more  elaborate 
system  of  connections  to  the  adjacent  cooling  kicker 
electrodes.  Th?s  produced  a  10%  increase  in  the  stack- 
ing rate. 

The  filter  lui^s  for  phase  correction  of  the 
1-2  GHz  stack-core  cooling  were  temperature-stabil- 
ized and  provided  with  remote  control  for  adjust- 
ments. This  led  to  a  much  better  transverse  cooling 
performance.  Even  with  an  intensity  of  3  x  I0n  parti- 
cles, transverse  omittances  of  between  1.2  and  2.5  x 
mm  mrad  were  usually  obtained,  and  at  lower  intensi- 
ties emittances  in  both  directions  were  below  2x  mm 
mrad.  Core  emittances  during  the  stacking  process 
were  also  markedly  improved  by  correcting  trie  field 
alignment  in  some  of  the  kicker  modules.  It  was  these 
developments,  together  with  improvements  to  the  fil- 
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ter  lines,  which  essentially  made  operation  for 
24  hours  per  day  possible.  Some  experiments  were  also 
carried  out  on  pre-cooling,  but  little  of  operational 
benefit  emerged. 

In  autumn  an  inexplicable  transverse  beam 
blow-up  manifested  itself  on  many  occasions,  especi- 
ally at  the  high  stack  intensities  required  for  SPS  col- 
lider operation.  Investigations,  carried  out  under  the 
constraint  of  maintaining  normal  operation  through- 
out, eventually  identified  three  different  mechanisms. 
All  three  resulted  from  inadequate  clearing  of  positive 
ions  trapped  in  the  beam  at  high  stack  intensities,  indi- 
cating that  the  clearing  electrode  system  would  need 
some  modifications.  Further  studies  were  devoted  to 
trying  to  identify  other  sources  of  'heating*  during  the 
stacking  process. 

The  lithium  lens  transformer  (ex  Fermilab)  was 
rebuilt  with  a  more  radiation- resistant  primary  wind- 
ing, and  successful  laboratory  tests  took  place  in  May 
with  lens  currents  of  up  to  475  kA.  The  transformer- 
lens  assembly  was  then  installed  as  a  pre-focusing 
element  in  front  of  the  target  and  ran  with  pulsed 
currents  of  between  290  and  350  kA.  It  operated  suc- 
cessfully for  a  total  of  1.3  x  10*  pulses  in  a  26  GeV/c 
beam  of  up  to  1.4  x  1015  protons  per  pulse  before 
being  withdrawn  from  service,  still  fully  operational. 

For  the  AnUproton  Collector  project  (ACC;  — 
see  Annual  Report  for  1983  page  93),  major  contracts 
for  the  magnet  system  were  placed.  Delivery  of  the 
first  quadrupole  was  expected  early  in  1985  and  of  the 
first  dipole  around  the  middle  of  the  year.  Design  of 
the  vacuum  system  was  completed  and  tenders  were 
being  requested.  Development  of  stochastic  cooling 
systems  and  solid  state  amplifiers  was  under  way  with 
the  construction  of  prototypes.  Building  work  had 
begun  with  the  auxiliary  building  above  the  target 
area,  which  was  expected  to  reach  completion  in 
bruary  1985. 


LEAR 

During  two  shutdown  periods,  one  early  in  the 
year  when  the  PS  was  also  not  running  and  the  second 
in  October,  various  modifications  were  carried  out  to 
consolidate  current  modes  of  operation  and  prepare 
for  future  developments.  Among  the  most  important 
was  the  installation  of  a  new  injection  line  for  negative 
hydrogen  ions  (H~),  fast  pulsed  dipole  magnets  and 
special  thin  targets.  This  was  intended  to  provide  pro- 
tons travelling  in  the  opposite  direction  from  the  antt- 
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protons  by  injecting  H"  into  a  straight  section  and 
then  stripping  them  of  their  electrons  by  passage 
through  the  thin  target.  Suitable  means  of  monitoring 
this  process,  by  the  observation  of  slow  secondary 
emission  electrons,  fast  electrons  from  stripping,  hy- 
drogen (H°)  atoms,  etc.,  were  provided.  Thin  windows 
(35  jon)  were  also  fitted  at  the  ends  of  the  straight  sec- 
tions as  H°  exits.  The  second  r.f.  cavity  was  installed, 
and  when  all  this  work  was  finished  the  vacuum 
envelope  was  thoroughly  baked  out. 

Modifications  were  made  to  the  dipole  and  quad- 
ra pole  power  supplies  to  improve  stability  when  ope- 
rating at  low  momentum,  since  these  units  had  to 
work  over  an  exceptionally  wide  range  of  current.  The 
associated  electronic  control  systems  required  special 
components  and  air  conditioning  to  cope  with  the  heat 
of  summer.  Two  improvements  were  made  to  the  sto- 
chastic cooling  systems.  The  horizontal  deflector  was 
moved  to  a  more  favourable  position  with  respect  to 
its  detector,  and  a  horizontal  deflector  was  added  to 
the  momentum  cooling  system  to  eliminate  the  trans- 
verse blowup  effect  occurring  because  the  derivative 
of  the  dispersion  function  was  not  zero  at  this  loca- 
tion. The  stochastic  extraction  system  was  modified  to 
increase  the  noise  level  at  the  peak  of  the  resonance 
and  reduce  it  at  the  edges  This  considerably  cut  down 
the  (mainly  SO  Hz)  npple  on  the  extracted  beam,  and 
enabled  duty  factors  of  80tt  or  higher  to  be  achieved. 

Various  developments  tock  place  in  the  compu- 
terized control  system,  covering  machine  operation, 
editor  programs  for  the  function  generators  and  tim- 
ing system,  extracted  beam  settings  and  beam  quality 
measurements. 

Principal  machine  studies  were  concentrated  on 
using  protons  to  develop  the  operational  techniques 
required  by  the  experimental  programme.  Prepara- 
tions were  made  for  the  energy  scanning  mode  of 
operation  Pnonty  was  also  given  to  investigating  be- 
haviour at  low  momentum  (around  100  MeV/c),  parti- 
cularly the  combined  effect  of  residua)  gas,  non-linear 
resonances  and  intra-beam  scattering.  Unfortunately, 
the  extent  to  which  these  studies  could  be  pursued  was 
severely  limited  by  various  breakdowns  of  the  LEAR 
r  f .  system  and  zi  Linac  1  which  occurred  towards  the 
end  of  the  year. 

The  extraction  system  regularly  produced  stable 
streams  of  an  hour's  duration,  and  it  was  shown  ex- 
perimentally that  this  could  be  extended  Jo  tnrec  hours 
at  intermediate  energies  Tests  with  H"  ions  showed 
that  the  charge-exchange  process  for  proton  injection 
would  work,  and  that  the  H"  lifetime  in  LEAR  was 


limited  (at  300  MeV/c)  by  the  vacuum  obtainable;  fur- 
ther work  awaited  provision  of  a  stable  km  beam  with 
the  new  H"  source  under  development. 

The  most  important  feature  of  operation  for  ex- 
perimental physics  throughout  1964  was  the  ability  to 
run  almost  continuously  with  beam  extracted  for  an 
hour  followed  by  fifteen  minutes  refill  time,  which 
meant  that  more  ambitious  parallel  running  schemes 
could  be  planned  for  1985.  In  summer,  operation  at 
lowmomcntum(~  200  MeV/c)  was  seriously  disturbed 
by  the  power  supply  problems  already  mentioned.  The 
reliability  of  the  machine  was  essentially  very  good, 
most  interruptions  being  associated  with  the  frequent 
introduction  of  new  modes  of  operation.  Machine 
development  time  was  restricted  severely  in  order  that 
the  experimental  programme  should  suffer  as  little  as 
possible  from  the  frequent  changes  in  the  PS  schedule, 
often  occurring  at  very  short  notice.  It  became  very 
evident  that  the  physics  programme  would  greatly 
benefit  from  longer  uninterrupted  periods  without 
changes.  (See  also  'Operation*  and  'Experimental 
Areas'  above.) 


Developments  Ifi  Ovcral  Pert orsnance 

Development  continued  of  the  beam  used  for  an- 
tiproton  production,  employing  a  PS  magnetic  field 
cycle  with  a  low  rate  of  rise  at  injection  (0. 1  T  s" 1  in- 
stead of  0.6  T  s" ')  followed  almost  immediately  by  a 
plateau  for  the  low-energy  controlled  longitudinal  ex- 
pansion. Transfer  between  Booster  and  PS  rapidly 
showed  a  marked  improvement,  an  important  para- 
meter being  the  r.f.  voltage  at  injection,  which  it  was 
found  possible  to  bring  down  to  the  theoretical  value 
for  matching  to  the  Booster  bunches  (-  30  kV);  this 
considerably  reduced  low  energy  beam  losses.  The  new 
magnetic  field  cycle  therefore  remained  in  use  for  nor- 
ma) operation,  sharing  a  supercydc  with  others  having 
the  standard  rate  of  rise  of  field  at  injection,  which  en- 
tailed adjusting  injection  and  low-energy  expansion 
parameters  from  cycle  to  cycle. 

Using  this  same  magnetic  field  cycle,  a  systematic 
study  was  made  of  the  resonances  straddled  by  the 
high  intensity  bunches  and  of  their  compensation.  At 
the  same  time,  the  pokface  winding  current  pro- 
gramme was  correctly  adjusted  up  to  26  GeV/c  to 
avoid  crossing  dangerous  resonances  during  accelera- 
tion, and  the  fast  extraction  was  set  up  in  the  presence 
of  the  strong  chromaticity  resulting  from  this  pro- 
gramme. The  combined  outcome  of  these  various 
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measures  wai  a  steady  increase  in  beam  intensity  on 
the  AA  production  target  together  with  a  higher  trans- 
mission efficiency  between  Booster  and  FS  and  a 
marked  reduction  in  transverse  emittance  of  the  beam. 
Thus,  during  SPS  collider  operation,  the  beam  destined 
for  the  antiproton  production  target  had  an  intensity 
of  between  1.50  and  1.55  x  10,T  protons  per  puke 
(and  a  maximum  of  1.6  x  10")  with  normalized  emit- 
tances  of  90t  mm  mrad  (horizontal)  and  60r  mm 
mrad  (vertical),  and  this  high  quality  performance  was 
obtained  with  beam  losses  between  Booster  and  PS  of 
no  more  than  1.5  x  1012  protons  per  pulse. 

Using  once  again  this  same  magnetic  field  cycle, 
studies  were  made  of  the  behaviour  of  the  beams  from 
two  Booster  rings  when  recombined  by  the  r.f.  dipoie 
installed  at  the  beginning  of  the  year.  This  technique 
was  designed  to  increase  antiproton  production  beam 
intensity  in  the  future  by  using  beam  from  the  four 
Booster  rings  captured  at  800  MeV  in  two  groups  of 
five  r  f.  buckets  diametrically  opposed  in  the  PS,  al- 
lowing continued  use  of  the  current  method  of  reduc- 
tion to  five  bunches  by  merging  longitudinally  at 
26GeV/c. 

The  capture  of  two  Booster  bunches  with  an  r.f. 
phase  separation  of  ±80*  in  a  single  PS  bucket,  re- 
quired for  the  technique  described  above,  was  tried 
out.  Using  a  low  r.f.  voltage  at  injection,  rapidly  in- 
creased over  the  first  5  ms,  gave  the  maximum  capture 
efficiency.  This  would  produce,  at  26  GeV/c  in  the 
PS,  7-7.5  x  1012  protons  per  pulse  for  8.5-9.5  x  1012 
ppp  from  two  Booster  rings.  The  best  stable  and  re- 
producible result  obtained,  7  x  1012  ppp  accelerated 
for  8  5  x  1012  presented,  was  maintained  for  a  varia- 
tion in  the  phase  between  bunches  from  ±90*  to 
±70*. 

The  technique  therefore  appeared  to  be  limited 
neither  by  vertical  emittance  nor  by  capture  problems 
However,  increasing  the  Booster  intensity  merely 
pushed  up  low  energy  beam  losses,  and  there  was  scar- 
cely any  increase  in  the  intensity  accelerated.  The 
beam  produced  by  this  method  would  hence  be  less 
than  the  1.5  x  1012  protons  per  bunch  of  the  standard 
high  intensity  beam,  and  the  limitation  appeared  to  be 
due  to  microwave  longitudinal  instabilities  during 
threading  into  the  r.f.  bucket. 

A  new  and  different  procedure  was  tried  out  for 
the  future  production  beam  for  the  Antiproton  Collec- 
tor (ACOL— see  elsewhere  and  1983  Annual  Report 
p.  93).  This  would  involve  combining  ten  bunches  into 
five  whilst  changing  the  r.f.  harmonic  number  from  20 
to  10,  and  subsequently  going  back  progressively 
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through  12,  14,  16  and  18  to  arrive  at  h  -  20  with  five 
bunches  occupying  one  quarter  of  the  PS  circumfer- 
ence. The  first  step  was  tried  out  with  a  low  intensity 
beam  (50  x  10"  ppp)  at  3.5  GeV/c,  and  functioned 
correctly.  A  second  series  of  tests,  with  the  r.  f.  voltage 
reduced  by  connecting  pairs  of  accelerating  cavities  in 
opposite  phase,  began  the  process  of  reducing  the  dis- 
tance between  bunches  resulting  from  the  harmonic 
number  changes  from  10  to  12  and  then  14.  These 
were  also  carried  out  on  a  3.5  GeV/c  field  flat  top  and 
at  low  intensity  (-  2  x  1012  ppp).  The  behaviour  of 
the  beam  was  much  as  expected,  and  on  the  basis  of 
these  tests  construction  of  beam  control  equipment  for 
further  work  went  ahead.  Interest  was  also  confirmed 
in  plans  for  local  feedback  on  the  r.f.  cavities  to  cope 
with  the  high  intensity  beam  anticipated. 

During  a  joint  development  session  the  conti- 
nuous transfer  extraction  (supplying  the  beam  for  SPS 
fixed-target  operation)  was  set  up  for  14  GeV/c.  The 
genera]  behaviour  of  the  beam,  observed  up  to  an  in- 
tensity of  1.8  x  10"  protons  per  pulse,  was  distinctly 
better  than  at  the  former  momentum  of  1 0  GeV/c;  the 
loss  of  a  few  per  cent  just  before  extraction  ompletely 
disappeared.  The  beam  also  behaved  better  ot:  the  in- 
jection field  plateau  at  14  GeV/c  in  the  SPS,  and  the 
overall  result  was  a  gain  of  some  10ft  in  transmission 
between  the  PS  and  the  SPS.  The  new  transfer  mo- 
mentum was  therefore  adopted  for  normal  operation. 
However,  no  systematic  study  had  yet  been  carried  out 
on  the  transverse  cmittances  and  radial  and  longitu- 
dinal instabilities  of  this  beam,  particularly  their 
dependence  upon  intensity. 

New  equipment  was  installed  durinf  the  long 
shutdown  at  the  beginning  of  the  year  for  beam  con- 
trol during  acceleration  with  the  standard  r.f.  harmonic 
number  20.  After  setting  up  and  adjustment,  accele- 
ration with  this  harmonic  number  became  operational 
over  the  intensity  range  from  1010  to  4  x  10  protons 
per  pulse,  and  for  any  number  of  bunches  from  one  to 
twenty.  Two  of  the  200  MHz  r.f.  cavities  were  also 
fitted  with  tuning  pistons  so  that  they  could  operate 
on  two  different  frequencies  from  one  cycle  to  an- 
other. This  allowed  them  to  be  used  for  the  controlled 
longitudinal  expansion  required  for  the  antiproton 
production  beam  as  well  as  for  the  recapture  at  200 
MHz  of  beam  destined  for  the  SPS. 

For  the  single-bunch  antiproton  beam  accelerated 
with  a  harmonic  number  of  6  and  sent  to  the  SPS  for 
collider  operation,  the  influence  of  the  orbit  deforma- 
tion required  for  extraction  at  26  GeV/c  upon  re- 
producibility of  the  longitudinal  compression  dewn  to 


ERIC 


69S 


688 


4  ns  before  extraction  was  confirmed.  Modifications 
made  during  the  long  shutdown  allowed  the  rise  time 
of  the  orbit  deformation  to  be  extended,  and  the  effect 
of  this  was  to  produce  excellent  stability  in  energy  and 
phase  during  the  compression.  After  modifications  to 
the  vacuum  chamber  in  the  extraction  region,  the  ef- 
ficiency of  extraction  of  this  single-bunch  beam,  with 
a  nominal  Ap/p  of  ±  3  x  10'  \  reached  almost  100%. 
Nevertheless,  studies  continued  on  the  reduction  of 
the  parameter  a,  (momentum  compaction  factor)  in 
the  extraction  region,  in  order  to  be  able  in  the  future 
to  extract  bunches  with  a  greater  Ap/p,  thereby  using 
a  larger  fraction  of  the  AA  tntiproton  stack.  This 
modification  of  a>,  carried  out  with  the  aid  of  addi- 
tional  quadruples,  was  tried  first  with  a  proton  beam 
and  subsequently  with  antiproton  extraction.  The  re- 
sults were  very  encouraging,  and  enabled  plans  to  be 
made  for  installation  of  the  elements  necessary  for  the 
extraction  of  beams  with  bigger  Ap/p  during  the  next 
long  shutdown. 


Computer  Control 

The  year  of  1984  saw  the  successful  completion  of 
the  PS  Controls  Conversion  Project,  begun  in  1978. 
This  project  embraced  the  complete  conversion  of  the 
PS  controls  to  a  fully  computerized  system,  using  an 
integrated  network  of  NORD  computers,  a  homoge- 
neous CAMAC  interface  and  a  number  of  versatile 
general-purpose  consoles  in  the  central  Main  Control 
Room  (MCR).  The  planned  conversion  was  duly 
accomplished  in  1984.  despite  the  superimposition  at 
an  intermediate  stage  of  the  Antiproton  Accumulator 
(AA)  end  numerous  significant  elaborations  demand- 
ed by  the  growing  needs  of  the  experimental  physics 
programme.  The  development  of  the  PS  accelerator 
complex  brought  further  extensions,  and  work 
continued  on  conversion  of  the  PS  r.f.  system  (not 
included  in  the  original  project),  controls  of  the  LEP 
Preinjector  and  preparations  for  the  Antiproton  Col- 
lector. 

Early  in  the  year,  the  third  and  last  instalment  of 
the  original  conversion  project  was  successfully 
commissioned.  This  comprised  the  controls  and  in- 
strumentation of  the  various  beam  extraction  and 
transfer  systems  and,  owing  to  the  high  degree  of  ver- 
satility required  and  the  arrival  of  antiprotons,  includ- 
ed an  intricate  timing  system.  The  system  was  ready 
according  to  plan,  but,  since  the  scheduled  commis- 
sioning time  was  lost  owing  to  delays  in  putting  the 


modified  acccs*  control  system  into  service  (see  •Ope- 
ration' above),  each  of  the  many  modes  of  operation 
had  to  be  commissioned  whilst  actually  being  used  for 
the  experimental  programme.  This  made  the  whole 
process  much  more  difficult,  and  led  to  some  delays  in 
optimizing  operations. 

The  PS  radio  frequency  systems,  which  had  ear- 
lier for  the  moat  part  been  exchsded  from  computer 
control,  had  grown  considerably  over  the  intervening 
years.  Not  only  had  a  new  system  (200  MHz  cavities) 
been  added,  but  several  different  haxmcnics  of  the  ac- 
celerating frequency  were  being  used  for  'beam  gym- 
nastics* operation  i.  It  was  therefore  decided  that  the 
r.f.  systems  should  be  fuDy  integrated  with  the  other 
PS  computerized  controls,  yielding  a  project  of  the 
same  dimension  as  the  other  three  major  instalments. 
Some  small  parts  were  commissioned  during  19*4,  but 
completion  of  the  whole  conversion  was  not  planned 
until  early  in  19(5.  A  local  mobile  console,  fully  soft- 
ware-compatible with  the  mam  operator  consoles,  was 
installed  adjacent  to  the  low-level  electronics  of  the 
r.f.  systems.  A  farther  step  towards  integration  of 
controls  throughout  the  accelerator  complex  was 
taken  before  the  end  of  the  year,  with  the  commission- 
ing  of  a  dedicated  data  fink  between  the  MCR  con- 
soles ind  the  Unac/LEAR  controls  system  which  had, 
for  historical  reasons,  hitherto  remained  completely 
independent. 

The  controls  for  the  LEP  Preinjector  (comprising 
two  linear  accelerators  and  a  storage  ring)  were  de- 
signed as  an  extension  of  the  PS  system,  but  adapted 
in  several  ways  to  meet  the  special  needs  of  this  pro- 
ject. Two  significant  new  developments  were  being 
included.  Firstly,  there  was  the  ase  of  a  much  more 
powerful  local  crate  controller  (SMACQ  based  on  the 
MC  08OOO  microprocessor,  which  had  been  adopted 
as  a  CERN  standard.  This  'local  tntesufence'  device 
allowed  a  certain  extent  of  stand-alone  operation  for 
some  groups  of  equipment,  such  as  klystrons  and 
associated  modulators,  where  this  f acuity  would  be 
useful  for  f*igii*f^t*^g  purposes.  Secondly,  but  closely 
related,  was  the  adaptation  of  aprrfication  software 
structures,  not  only  to  take  into  account  the  extended 
use  of  the  SMACC  but  also  to  incorporate  a  number 
of  improvements  suggested  by  experience  with  the  new 
PS  controls  since  1919.  These  aimed  essentially  at 
greater  reliability  and  ease  of  operation  and  improved 
productivity  in  the  field  of  appocazions  software. 

The  intended  use  of  the  SMACC  also  placed  a 
new  emphasis  on  the  importance  of  user-friendly  local 
interaction  for  engineering  purposes  at  several  levels 
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of  the  process  interface.  The  advent  of  the  Apple  per- 
sonal  computer  'Macintosh'  rapidly  brought  about 
the  extensive  use  of  that  power  ft  and  versatile  unit  in 
thi-  role.  At  the  end  of  the  year  a  first  demonstration 
was  made  of  the  Macintosh  controlling  one  CAMAC 
crate*  using  the  NODAL  interpreter  language, 
through  a  dedicated  serial  driver  allowing  ultimately 
the  addressing  of  up  to  62  crates.  Also  for  local  inter- 
action, a  graphics  and  alphanumeric  software  package 
for  NODAL  was  made  up  suitable  for  use  in  the  ND 
front-end  computers  and  on  the  TMS  9900  and  99000 
auxiliary  crate  controllers,  as  well  as  in  the  Macintosh. 
Two  main  operator  consoles  were  under  construction, 
for  local  and  MCR  control.  A  prototype  SMACC 
module  was  under  test  with  the  systems  software, 
comprising  an  operating  system,  a  communications 
package  for  data  exchange  between  SMACC  and 
the  front-end  computer  and  language  support  for 
NODAL  and  P  +  .  The  adaptations  required  in  the 
applications  software  structures  were  in  progress. 
Layout  of  the  process  interface  and  definition  of  the 
timing  system  were  well  under  way. 


Tbe  LEP  Prtiajector 

Since  :t  constitutes  an  important  part  of  th:  LEP 
project,  this  subject  is  covered  in  the  LEP  chapter  of 
this  report.  However,  PS  Division  is  responsible  for 
the  construction  of  the  two  linear  accelerators,  tbe  ac- 


cumulator (EPA)  x>d  the  transfer  lines  which  will  sup- 
ply electrons  and  positrons  for  initial  acceleration  fc 
the  PS  prior  to  Hmr  transfer  to  the  SPS  and  finally  to 
LEP.  Progress  made  this  year  is  compatible  with  the 
targets  of  first  linac  beam  tests  in  1985  and  completion 
of  the  EPA  by  nud-19£6\  Necessary  modifications  to 
the  PS  itself  are  mentioned  in  other  sections  here 
('Main  Proton  Synchrotron'  and  'Computer  Control' 
especially). 


Safety  and  Services 

Considerable  emphasis  continued  to  be  placed  on 
matters  of  safety  and,  in  particular,  in  ensuring  that 
individuals  should  be  aware  of  their  responsibilities 
and  the  resources  available  to  provide  assistance  and 
advice.  The  Safety  Committee  met  seven  times  It  dis- 
cussed, among  other  topics,  safety  education,  general 
information  on  CERN  safety  organs  and  problems, 
results  of  exercises  (e.g.  evacuation  of  buildings)  and 
the  analyses  of  various  accidents  and  incidents. 

Work  began  on  the  renovation  of  the  PS  access 
control  system.  Some  parts  were  as  old  as  the  PS  it- 
self, and  their  future  reliability  could  not  be  guaran- 
teed. It  was  intended  that  replacement  material 
should,  as  far  as  possible,  be  standardized  with  that  *o 
be  used  by  LEP  and  the  modernized  SPS.  Compu- 
ter-driven displays  to  help  the  operating  crews  in  inter- 
preting information  were  being  introduced. 
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Over  the  previous  few  years  a  large  amount  of  ad* 
ministrative  work  had  been  automated,  in  particular 
inventory  control,  preparation  of  budgets,  overtime 
and  service  contracts,  travel  records,  etc.  This  enabled 
the  Division  to  manage  a  considerable  increase  in  ac- 
tivity without  additional  staff.  In  1984a  NOTIS  office 
automation  system,  with  a  link  to  the  Administration 
Departments  and  DG  Services  for  text  &nd  message 
transfer,  was  installed.  The  use  of  text  processing 
equipment  for  the  preparation  of  scientific  reports  and 
internal  working  documents  became  general. 


SYNCHRO-CYCLOTRON 

Operation  tad  the  Experimental  Programme 

According  to  plan,  the  time  devoted  to  experi- 
mental physics  was  again  reduced  in  1984,  in  order  to 
provide  money  and  manpower  for  the  ISOLDE  3  pro- 
ject (see  below,  and  page  97  of  the  1983  Annual 
Report).  The  proportion  of  the  available  time  given  to 
acceleration  of  light  ions  rose  from  18Vt  in  1983  to 
30%  this  year,  leaving  70%  for  proton  acceleration. 
Main  users  were  again  ISOLDE,  Muon  Spin  Rotation 
(^SR)  and  the  experiments  employing  beams  of  light 
ions.  Operating  statistics  are  shown  in  Fig.  14  and  the 
experimental  layout  as  it  was  at  the  end  of  the  year  in 
Fig.  15. 

During  the  months  of  January,  February  and 
March  the  SC  ran  in  the  light-ton  mode.  This  was  a 
highly  satisfactory  period  for  physics,  since  for  the 
first  time  the  full  range  of  ions  was  on  offer— *Ne5* , 
»Nc**,  "O**,  "C4*  and  ,2C**  were  all  used  at  one 
time  or  another.  This  bad  been  made  possible  by  the 
installation  of  a  multi- frequency  transmission  line  be- 
tween the  Dee  (accelerating  electrode)  and  the  Rotco 
(rotating  capacitor  governing  the  radio  frequency).  A 
complete  catalogue  of  SC  beams  is  showruin  tabic  I . 

In  the  scheduled  April  shutdown,  three  important 
maintenance  jobs  were  tackled.  The  main  bearings  of 
the  Rotco  in  use  (No.  2)  were  replaced;  it  was  found 
that  one  of  them  had  split  in  two,  accounting  for  the 
unusually  high  noise  level  which  had  been  noted.  An 
r.f.  filter  in  the  centre  of  the  machine  was  repaired, 
and  the  primary  water  circuits  of  three  heat  exchan- 
gers were  replaced.  Whilst  carrying  out  the  latter  ope- 
ration, it  was  also  observed  that  the  water  system  m 
general  was  heavily  corroded— hardly  surprising, 
since  much  of  it  was  nearly  thirty  years  old.  The  SC 
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(hen  ran  with  protons  through  *\c  months  of  May. 
June  and  July. 

August  and  September  were  devoted  to  prelimin- 
ary building  modifications  for  the  ISOLDE  3  project. 
Operation  began  again  in  October,  initially  with  rather 
frequent  r.f.  spark  overs,  but  after  two  weeks  things 
settled  down,  and  the  standard  performance  of  4  jiA 
beam  intensity  with  20  kV  r.f.  voltage  and  a  1  in  2 
duty  cycle  could  be  maintained. 

The  machine  continued  to  run  smoothly  through' 
out  November  and  December,  main  users  being 
ISOLDE  and  pSR  together  with  the  last  alloc*4 td  ir- 
radiation of  a  simulated  meteorite  for  Cologne. 
ing  the  whole  year  both  muon  channel  beam  lines  w„  * 
frequently  used  by  experimenters  in  a  parasitic  mode. 
One  experiment,  by  EF  Division,  employing  a  liquid 
argon  bubble  chamber,  reached  its  conclusion  and  was 
dismantled. 

The  /iSR  programme  continued  to  study  the  posi- 
tive muon  in  various  solid  and  liquid  environments. 
Traditional  studies  of  metals  at  low  temperatures  were 
complemented  by  measurements  at  high  pressures 
where  changes  in  the  electronic  structure  of  ferro- 
magnetic materials  and  semi 'metals  can  be  probed  by 
the  muon.  Another  field  in  wb*ch  interesting  results 
were  obtained  was  the  study  of  molecular  dynamics  in 
plastic  crystals.  These  are  wax-like  substances  with  the 
molecules  rotating  extremely  fast  around  fixed  lattice 
centres  By  tagging  muons  to  these  molecules  it  was 
possible  to  determine  different  i lowed -down  rotations 


which  like  place  at  low  temperature  just  above  the 
point  at  which  all  motion  ceases. 

DrveJopBoit 

Extending  the  life  of  the  ion  >  ajjcc  filacent.  in 
order  to  reduce  SC  down  time,  had  been  a  constant 
preoccupation.  The  concept  of  a  carrier  gas  was  tried 
out  in  connection  with  the  acceleration  of  ,fO**  ions. 
This  uses  the  admixture  of  a  gas  of  higher  molecular 
weight— usually  one  of  the  inert  gases— to  stabilize 
the  arc.  Precise  proportions  are  important,  and  a 
sophisticated  mixer  had  to  be  ^*^g~^  and  built.  Re- 
suits  were  quite  successful;  average  filament  life  was 
extended  from  6  to  10  hours. 

ISOLDE  requested  that  beam  intensity  for 
'He  *  *  acceleration  should  be  increased  by  a  factor  of 
two  or  three.  With  these  Ions,  current  r.f.  system  limi. 
Utions  only  permitted  a  vohage  of  20  kV  with  a  1:3 
duty  cycle  or  17  kV  with  1:2.  What  was  being  called 
for  implied  running  at  20  kV  with  a  1;1  duty  cyde,  so 
a  detailed  study  was  made  of  each  component  of  the 
r.f.  system  (generator,  transmission  line,  Rotco).  TV 
weak  links  were  found  to  be  the  parasite  absorption 
niter  in  the  generator  and  the  (8)  ceramic  blocking 
capacitors  in  the  Rotco.  New  capacitors  were  ordered 
for  a  redesigned  filter  capable  of  handling  higher 
power.  Better  cooling  had  already  been  provided  for 
the  blocking  capacitors  b  Rotco  No.  1,  and  as  an 
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added  protection  it  was  planned  to  increase  the  imped- 
ancc  of  Uicseria  compensating  coils,  thereby  reducing 
the  current  flow.  This  had  been  shewn  to  work  for  the 
accelerating  frequencies  used  for  C  and  Ne  ions,  but  it 
w«  not  possible  to  ret  the  higher  frequency  range 


required  for  'He**  without  modifying  the  transmis- 
sion  line  linking  the  Dee  to  the  Rotco.  A  prototype 
line  was  successfully  tested,  and  the  final  version  was 
under  construction. 

It  appeared  that  future  SC  activity  would  con- 
centrate increasingly  on  proton  and  *He*  *  accelera- 
tion. With  this  in  mind,  a  second  r.f.  generator  capa- 
ble of  producing-  20k  V  at  a  100%  duty  cydc  was  con- 
structed and  partially  tewed.  Its  behaviour  at  high 
power  end  'He**  frequencies  had  yet  to  J*  deter- 
mined. 

Construction  of  the  second  on-line  isotope  se- 
parator (ISOLDE  ?— mentioned  in  the  Annual  Re- 
port for  1983.  page  97)  began.  The  production  target 
was  to  be  located  in  the  SC  machine  hall,  and  the 
separated  isotopes  would  be  collected  in  the  proton 
room.  Most  of  the  building  alterations  were  completed 
during  the  shutdown  in  August  and  September.  Vari- 
ous Institutes.  Universities,  etc..  who  were  roexubrrs 
of  the  ISOLDE  collaboration,  assisted  with  the  pro- 
ject; design  of  the  ion  source  assembly,  accelerating 
section  lenses,  bending  magnets  and  shielding  vere 
completed  and  manufacture  begun.  An  industrial 
robot,  similar  to  the  one  already  in  use  at  ISOLDE  2 
for  target  handling,  was  on  order. 
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Super  Proton  Synchrotron  Division 


Iatrodactios 

Further  progress  has  been  made  in  the  perform- 
ance of  the  SPS  as  a  procoo-antiproton  collider  and 
for  the  acceleration  of  proton*  for  fixed-target 
physics. 

As  a  result  of  the  upgrading  programme  for  the 
coding  water  system  and  the  main  power  supplies  dur- 
ing the  winter  shutdown,  the  collider  energy  has  been 
increased  from  273  to  315  Ge'"  per  beam.  This  in- 
crease in  energy,  the  further  squeezing  of  the  inser- 
tions to  lower  beta  values,  some  bcrease  in  the  proton 
intensity  per  bunch  and  the  improved  lifetime  of  the 
antiproton  beam,  were  the  main  factors  which  con- 
tributed to  the  improved  collider  performance.  The 
best  value  of  the  initial  luminosity  of  coasts  has 
increased  from  1.6  x  10*  cm"1  s"1  in  1983  to 
3.6  x  1 0*  car1  %~ 1  tins  year.  The  total  integrated  lu- 
minosity was  395  nb-1,  which  represents  an  increase 
by  a  factor  of  2.6  as  compared  to  the  result  of  the 
previous  year  during  a  period  of  comparabfe  duration. 

The  operation  for  fixed-target  physics  was 
smooth  and  the  SPS  proved  very  rthabie.  In  April  the 
momentum  of  the  injected  protons  was  raised  from 
10  GeV/c  to  14  GeV/c,  the  «»«^mn  which  can  be 
handled  by  the  5-turn  extraction  rytem  of  the  CPS. 
The  smaller  transverse  beam  size  at  14  CeV/c  led  to  an 
improvement  of  the  beam  transmission  between  the 
moment  of  injection  until  after  acceleration  to 
450  GeV,  from  a  previous  84%  to  a  new  best  value  of 
94%.  Furthermore,  the  threshold  for  collective  beam 
instabilities  is  higher  at  14  GeV/c  thsc  at  10  GeV/c 
enabling  the  accelerated  beam  intensity  to  be  Increased 
from  a  previous  maximum  of  2.7  x  10"  to  a  new  re- 
cord value  of  3.4  x  10°  protons  per  pulse,  averaged 
overt  1 5  minute  period  of  operation . 


The  SPS  Coffider 

M*cMm$t9*nm4C*mdtrTaiorwam€t 

In  1964  the  period  of  collider  operation  occurred 
in  the  autumn.  A  few  machine  development  sessions 
earlier  in  the  year  were  devoted  to  its  preparation, 
mainly  to  test  the  fimctioning  of  the  machine  at  the  in- 
creased energy  of  315  GeV  and  to  commission  the  re- 
duction of  the  minimum  values  of  the  betatron  func- 
tions at  the  experiments  to  &  x  0V  -  I  m  x  0.5  m 
as  compared  to  last  year's  values  of  1.3  ro  x  0.65  m. 


The  smaller  beam  size  resulting  from  the  increased 
energy  and  the  lower  beta  values  at  the  interaction 
points  result  in  an  increase  of  U*himinosityby50%. 

In  this  configuration  the  betatron  functions  reach 
maxima  of  2500  m  in  the  horizontal  plane  and  640  m 
in  the  vertical  plane.  Even  with  the  closed  orbit  ex- 
cursions corrected  to  within  a  few  m&hmetres,  the  ac- 
ceptance of  the  machine  was  found  to  be  marginal  in 
certain  parts  of  the  insertions.  In  order  to  provide 
enough  aperture,  the  vacuum  chamber  in  a  quadru- 
pote  was  replaced  by  an  enlarged  one  and  an  MBA 
dipole  was  replaced  by  an  MBB  dipofc  which  has  a 
larger  gap  height  in  each  of  the  two  insertions.  With 
these  modixlcsttsons  the  background  rates  in  the  ex- 
perimena  were  similar  to  the  values  of  last  year. 

Four  additional  quadrupoks,  which  had  been  in- 
stalled during  the  winter  shutdown,  were  used  to  mea- 
sure Accurately  the  beating  of  the  betatron  functions  in 
the  normal  part  of  the  lattice.  This  proved  essential 
for  a  good  w»*">*"i?t  of  the  insertions,  and  greatly 
helped  the  tuning  of  the  machine.  The  horizontal- 
vertical  betatron  coupling  was  *^>»««v~<  due  to  the 
lower  values  of  0\  but  could  be  corrected  with  skew 
quadrtrpoks.  The  increased  chranaticity  was  satisfac- 
torily corrected  with  the  existing  four  famines  of  sex- 
tupofcs.  The  residual  high  order  aberrations  arc  small 
enough 'in  a  well-matched  machine  to  pose  no  opera- 
tional problems.  However,  the  third  integer  stop 
bands  were  widened  and  this  reduces  the  space  avail- 
able in  the  tune  diagram. 

The  damper  is  new  used  on  an  operational  basis 
to  reduce  the  effect  of  the  residual  betatron  injection 
oscillations  for  each  of  the  antrproton  bunches  as  wdJ 
as  for  the  protons.  As  a  consequence  the  -wfranTt 
are  better  preserved  and  the  losses  during  the  flat 
bottom  and  earfy  acceleration  are  reduced.  The  overall 
transmission  from  injection  up  to  «^>*tfmg  energy 
varies  between  85%  and  9Vh. 

The  lifetime  of  the  antiproton  beam,  which  was 
typically  40b  in  1983  has  been  increased  to  over  100 b 
after  a  few  hours  of  storage  doe  to  a  lower  noise  levd 
in  the  antiproton  acceleration  system.  The  lifetime  of 
the  proton  beam,  which  is  dominated  by  lntrabeam 
yattrring,  remains  unchanged.  Minute  excitations  of 
the  horizontal  betatron  oscillations  were  found  to  be 
caused  by  high  harmonics  of  the  switching  pulses  from 
the  main  power  supplies,  which  are  able  to  propagate 
along  the  magnet  chain.  Their  amplitude  has  been  re- 
duced by  better  filtering,  and  lower  growth  rates  of 
the  horizontal  emittances  have  been  recorded  since 
then.  As  a  result  of  the  reduced  loss  rate  of  anti- 
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proem,  and  of  the  lower  growth  rate  of  the  emit- 
tances,  the  luminosity  lifetime,  which  was  on  average 
16  h  last  year,  has  been  increased  to  over  24  h.  This 
has  allowed  the  AA  to  accumulate  antiprotons  for  a 
longer  time  between  transfers,  and  has  therefore  con- 
tributed to  an  increased  peak  luminosity. 

In  order  to  make  use  of  the  increased  an ti pro* cm 
intensity  expected  from  ACOL,  it  will  be  necessary  to 
store  6  bunches  of  each  beam  in  the  collider  This  re- 
sults in  twwe  the  tune  spread  with  respect  to  the  pre- 
sent situation  and  it  is  already  known  that  the  lifetime 
will  then  be  unacceptabty  low.  In  order  to  reduce  the 
tune  spread  to  a  tolerable  level,  an  electrostatic  sep- 
aration scheme  has  been  proposed  and  prototype 
hardware  has  been  installed  and  was  tested  in  the  1984 
collider  run.  Two  orthogonal  pairs  of  electrostatic  sep- 
arators, situated  in  LSS4  and  LSS5,  provide  sufficient 
deflection  to  separate  the  three  bunches  of  each  beam 
in  all  collision  points  except  in  the  two  experimental 
areas. 

Experiments  have  shown  that  the  scheme  works 
as  expected.  The  beam  centres  were  separated  by  a  dis- 
tance of  three  times  the  beam  diameter  at  the  un- 
wanted crossings,  whereas  the  residual  separation  in 
LSS4  and  LSS5  was  carefully  minmrirrd.  The  beam 
lifetime  was  at  least  as  good  as  that  obtained  without 
separation  and  the  results  prove  the  feasibility  of  a 
beam  separation  scheme  in  a  proton-antiproton 
collider.  An  experiment  in  which  one  beam  moved 
slowly  through  the  other  has  shown  that  the  lifetime 
of  the  antiproton  beam  is  insensitive  to  the  amount  of 
partial  separation. 

The  operating  energy  of  the  collider  is  limit  ol  by 
the  average  power  dissipation  tolerable  in  the  main 
magnets.  Through  increasing  the  flow  rate  of  the  cool- 
ing water,  it  was  possible  to  raise  the  operating  energy 
from  273  GeV  to  315  OeV.  To  reach  higher  energies 
under  the  present  conditions,  it  is  necessary  to  operate 
the  collider  in  a  pulsed  mode.  In  this  mode  of  opera- 
tion the  beam  is  decelerated  after  a  plateau  at  the  ma- 
ximum energy  and  held  for  some  time  at  low  energy  in 
order  not  to  exceed  the  allowed  average  dissipation, 
whereafter  the  beam  is  accelerated  again. 

A  first  step  towards  such  a  'pulsed  collider*  was 
made  in  1984  using  protons  only.  A  cycle  of  21.6  s  du- 
ration with  a  flat  top  of  3  s  at  450  GeV  and  with  a  flat 
bottom  of  about  10  s  at  100  GeV  has  been  set  up.  A 
dense  proton  bunch  stored  with  this  cycle  had  a  life- 
time of  2  to  3  hours.  It  is  limited  by  the  diffusion  rate 
in  the  RF  buckets  which  is  larger  than  in  normal  ope- 
ration. During  storage  at  fixed  energy  the  RF  bucket 
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remains  stationary  whereas  in  pulsed  mode  it  continu- 
ously shifts  from  stationary  to  accelerating  or  decele- 
rating and  vice  versa.  This  is  likely  to  generate  addi- 
tional noise  and  enhance  particle  diffusion  across  the 
separatrix. 

In  order  to  ensure  a  reasonable  lifetime  for  the 
antiprotons  which  suffer  from  the  space-charge  effect 
of  the  strong  counter-rotating  proton  beam,  it  is  ne- 
cessary to  limit  the  excursion  of  the  tunes  over  the 
whole  cycle  to  ±0.005.  This  is  sufficient  to  avoid  the 
resonances  of  order  10  or  less  which  are  known  to  re- 
duce considerably  the  lifetime.  Although  this  tune  ex- 
cursion is  more  than  one  order  of  magnitude  larger 
than  what  is  achieved  in  a  coast  at  fixed  energy,  it  is  an 
order  of  magnitude  smaller  than  in  a  normal  proton 
accelerating  cycle  for  fixed-target  physics. 

To  cope  with  this  challenging  demand  new  tech- 
niques have  been  developed.  Firstly,  an  automat 
tune  measurement  system  is  used  which  gives  a  small 
kick  to  the  beam  every  60  ms  and  then  performs  a  Fast 
Fourier  Transform  of  the  oyfflating  signals  to  deter- 
mine the  tune.  The  results  are  sent  directly  by  pro- 
gramme to  the  computer  which  generates  the  referen- 
ces for  the  main  quadrupote  power  supplies  in  order  to 
correct  the  tunes  in  the  desired  direction.  Thereafter, 
the  more  precise  continuous  Q- measurement  system  is 
used  to  further  minimine  the  errors.  This  system  ex- 
cites the  beam  continuously  through  a  phase-locked 
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loop  and  measures  the  frequency  of  the  loop  signal 
to  determine  the  tune  in  real  time.  In  this  way  the  re- 
quired accuracy  in  the  tune  settings  could  be  reached. 
It  remains  now  to  inject  antiprotons  in  this  mode  to 
test  whether  an  antiproton  lifetime  of  at  least  a  few 
hours  can  also  be  achieved. 


SreCottdtr  Operation 

This  year,  like  in  1983,  13  weeks  were  devoted  to 
collider  physics  operation.  A  week  of  machine 
development,  just  before  the  scheduled  10-day  stop 
for  the  installation  of  the  experiments  in  ECX4  and  5, 
provided  a  good  preparation  for  proton-antiproton 
operation  and  permitted  an  efficient  start-up  of  the 
SPS  io  the  collider  mode  for  physics  at  315  GeV  and 
whh  the  low  beta  insertions  further  squeezed  to  0u  x 
£v  *  1  m  x  0.5  m.  At  the  start  of  the  period,  the 
initial  luminosities  were  around  1  x  102*  cm"  2  s" 1  and 
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it  took  another  two  weeks  to  reach  values  comparable 
to  the  previous  record  of  1.6  x  10**  cm"2  a"1.  Sub- 
sequently, after  further  improvements  mainly  in  the 
antiproton  transfer  efficiency  from  the  AA  via  the  PS 
to  the  SPS  in  conjunction  with  record  stack  intensities 
in  the  AA,  the  initial  luminosity  has  risen  to  a  maxi- 
mum value  of  3.65  x  I0wcm"2s"1. 

The  SPS  proved  to  be  very  reliable  during  the 
first  half  of  the  period  and  only  5  out  of  33  coasts 
were  lost  due  to  technical  faults.  The  second  half  of 
the  period  was  less  fortunate  and  20  out  of  44  coasts 
were  lost  due  to  various,  mostly  minor  and  unrelated 
faults.  Nevertheless,  the  total  integrated  luminosity  in- 
creased by  a  factor  2.6  as  compared  to  the  result  of  the 
previous  year.  This  was  the  result  of  higher  initial 
luminosities,  because  of  the  higher  beam  energy  and 
lower  beta  values  at  the  insertions,  as  well  as  of  a  15% 
increase  of  the  proton  intensity  per  bunch,  the  im- 
proved luminosity  lifetime  and  the  availability  of 
higher  intensities  of  the  AA  stack. 

The  operation  of  the  SPS  has  become  easier  this 
year  by  the  consolidation  of  a  number  of  facilities 
which  were  still  in  the  prototype  stage  last  year.  The 
on-line  storage  on  the  CERN  main  frame  computers 
of  the  data  concerning  each  particular  shot  greatly  im- 
proves the  diagnosis  of  imperfections  in  the  injection 
chain  and  provides  a  record  for  analysis  of  the  history 
of  the  coast. 

The  sequencer  continues  to  be  the  bask  means  of 
putting  all  the  equipment  in  the  SPS  into  the  correct 
state  and  checking  that  this  state  is  maintained.  As 
more  and  more  conditions  for  good  transfers  arc 
established  the  sequences  are  updated. 

The  multiple  Q-measurements  have  been  very 
successful  and  have  reduced  the  beam  time  needed  for 
the  optimisation  of  the  machine  parameters  through 
the  acceleration  from  as  much  as  8  hours  to  about  as 
many  minutes.  Its  advantage  for  operation  lies  in  the 
ability  to  take  a  consistent  set  of  data  relevant  to  one 
cycle  and  analyse  it  quickly  and  precisely.  Once  the 
operator  accepts  this  data,  the  necessary  changes  to 
the  main  power  supply  currents  are  requested  at  the 
touch  of  the  button. 

Apart  from  the  routine  maintenance  and  genera- 
tion of  applications  software  to  keep  pace  with  the 
commitments  of  the  SPS  operation  programme,  two 
interesting  software  projects  have  been  completed. 

The  first  project  has  been  the  implementation  of  a 
general  purpose  plotting  package  for  data  presenta- 
tion and  operator  interaction  on  the  consoles.  This  is 
the  first  large  high-level,  general-purpose  package  that 
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Table  2— SPS  performance 
for  proton-antiproton  physics 
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has  been  produced  at  the  SPS.  Because  of  the  very  at- 
tractive gains  that  can  be  made  in  effort  and  end  pro* 
duct  utility  this  package  has  immediately  become 
heavily  used. 

The  second  project  developed  on  the  general  data 
facility  computer  is  a  resident  high-level  task  which 
periodically  collects  and  makes  available  from  a  cen- 
tralized source  a  set  of  initially  distributed  data.  This 
method  was  applied  to  the  orbit  measurement  data. 
Again  this  project  gave  Immediate  returns  with  a  per- 
manent display  of  the  orbit  becoming  an  important 
operational  tool  which,  together  with  the  above-men- 
tioned plotting  pacKAge  and  the  multiple  data  collect- 
ing facility,  led  to  a  rapid  development  of  a  measure- 
ment of  the  chromaticity  throughout  the  machine 
cycle. 


Technical  Developments  of  the  CoUftder 

During  the  winter  shutdown  of  early  1984,  a  great 
effort  was  made  to  increase  the  flow  rate  of  the  cool- 
ing water  for  the  SPS  main  magnets  by  more  than 
30*»  to  raise  the  energy  for  collider  operation  from 
273  to  3  IS  GeV  per  beam.  To  this  end  a  booster  pump 
was  added  at  the  level  of  the  machine  tunnel  in  each 
sextant.  In  parallel  with  these  modifications,  the  cool- 
ing circuits  for  the  main  power  supplies  had  to  be  up- 
graded. Therefore,  two  pumps  in  BA2  were  replaced 
by  larger  ones  and  some  other  pumps  were  relocated. 

Similarly,  the  water  circuits  inside  all  main  power 
supplies  were  improved,  including  the  replacement  of 
the  hydraulic  manifolds  on  the  chokes  of  the  electrical 
filters  by  units  of  an  improved  design.  Also  the  bus- 
bars in  the  power  supply  cubicles  were  reinforced  and 
additional  ventilation  installed.  In  addition,  the  power 


supplies  of  the  low  beta  insertions  have  been  upgraded 
for  operation  at  315  GeV.  This  involved  new  current 
control  loops  to  compensate  for  the  saturation  effect 
of  the  quadrupoles,  recalibration  of  the  DCCTs  and 
improvements  to  busbars  and  connections  to  handle 
the  higher  currents. 

The  horizontal  and  vertical  Schottky  signals  are 
essential  for  the  measurement  of  the  betatron  tunes 
during  a  coast.  The  electrodes  of  the  horizontal 
Schottky  beam  monitor  are  now  suspended  by  narrow 
strips  to  insulate  them  from  mechanical  vibrations. 
The  natural  resonant  frequency  of  this  system,  about 
1  Hz,  results  in  a  strong  rejection  of  vibration  fre- 
quencies around  the  betatron  lines.  The  bask  noise 
level,  which  has  been  red ucedby  20  dB,  is  now  limited 
by  electronic  noise  and  similar  to  that  of  the  vertical 
signal  which  has  always  given  good  results. 

However,  unwanted  interference  lines  compara- 
ble in  amplitude  to  the  betatron  lines  still  exist  and 
make  identification  of  the  peak  frequency  difficult. 
Using  the  RF  accelerating  cavity  as  a  highly  sensitive 
transverse  monitor  by  filtering  out  signals  in  the  sec- 
ond higher  order  pesiband  at  460  MHz,  another 
completely  independent  rneasurement  of  the  'Schott- 
ky* bands  bas  been  obtained  and  shown  to  be  identical 
to  that  obtained  by  the  more  standard  method.  This 
strongly  indicates  that  the  observed  structure  is  truly  a 
beam  response  to  an  excitation  and  a  search  is  being 
conducted  to  identify  possible  sources.  The  most  likely 
candidates  arc  high  harmonics  of  the  main  power 
supply  switching  pulses  propagating  through  the  SPS 
magnet  chain,  which  acts  as  a  wide  passband  delay 
line. 

The  regulation  circuits  for  the  four  RF  cavities 
have  been  completely  redesigned  around  low-noise 
10.7  MHz  voltage  controlled  osculators.  The  phase 
noise  levels  observed  on  all  cavities  have  been  reduced 
by  at  least  20  dB.  This  reduction  is  reflected  in  the  in- 
creased lifetime  of  the  antiprotons  as  observed  during 
collider  operation,  the  lifetime  being  at  least  twice  that 
observed  last  year  and  seemingly  limited  by  other  than 
RF  causes. 

In  preparation  for  futu**e  collider  operation  with 
high  luminosities  a  scheme  has  been  worked  out  to 
separate  the  beams  at  all  crossing  points  except  those 
from  LSS4  to  LSS5.  For  a  first,  reduced  version  of 
this  scheme  which  can  only  separate  three  proton  bun- 
ches from  three  antiproton  bunches,  the  four  elec- 
trostatic deflectors  originally  installed  for  luminosity 
measurements,  have  been  redeployed.  The  proton  and 
antiproton  orbits  are  horizontally  separated  by  an 
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Figurt  2— One  of  the  two  UA I  hedron  absorber  walls  installed  In  the 
experimental  area  ECX5  These  walls  art  built  up  from  90  an  thick  cast 
iron  blocks  and  ore  about  11  m  high  and  8  m  wide,  each  containing 
about  500  tons  oj  shielding  (CERS-OU  03  $4) 


orthogonal  pair  of  deflectors  downstream  of  the  colli- 
sion point  of  LSS3  and  recombined  by  another  ortho- 
gonal pair  upstream  of  the  collision  point  in  LSS4. 
This  system  has  been  used  successfully  this  year  for 
separation  experiments. 

It  is  necessary  to  upgrade  this  system  to  make  it 
operational  for  the  separation  of  six  bunches  of  pro- 
tons from  six  bunches  of  antiprotons.  For  this  pur- 
pose, four  additional  deflector  units  must  be  built  and 
new,  more  stable  high  voltage  generators  are  needed. 
All  major  new  components,  such  as  vacuum  tanks,  ti- 
tanium electrodes  of  3  m  length  and  their  motorized 
supports  as  well  as  the  high  voltage  generators  have 
been  ordered. 

New  facilities  for  monitoring  the  intensity  of  the 
protons  and  the  antiprotons  bave  been  commissioned. 
The  implementation  of  a  pair  of  directional  couplers 
for  the  measurement  of  the  beam  intensity  of  each 
bunch  of  protons  and  antiprotons  allows,  due  to  their 
high  directivity  of  35  db,  a  good  separation  of  the  sig- 
nals from  bunches  with  down  to  10*  antiprotons  per 
bunch  from  those  of  bunches  with  up  to  1.6  x  10" 
protons  per  bunch.  Through  the  acquisition  at  injec- 
tion of  the  intensities  of  each  proton  and  antiproton 
bunch  over  each  of  1000  consecutive  turns,  the  injec- 
tion losses  during  the  first  few  turns  are  easily  sepa- 
rated from  the  RF  capture  losses  which  occur  during 
the  first  few  milliseconds.  A  second  system  connected 
to  the  same  directional  couplers  measures  the  intensity 
of  each  bunch  every  30  ms  during  30  seconds  and  gives 
the  beam  loss  at  any  time  during  the  acceleration  cycle 
between  injection  at  26  GeV  and  beginning  of  coast  at 
31S  GeV.  A  third  system  monitors  the  intensity  of 
each  bunch  every  15  seconds  during  the  whole  dura- 
tion of  the  coast. 

The  rapid  acquisition  and  treatment  of  the  large 
amount  of  data  in  each  of  the  first  two  systems  is  done 
in  local  microprocessors.  The  parameter  and  data 
transmission  between  these  microprocessors  and  the 
SPS  control  system  uses  for  the  first  time  the  concept 
of  a  fully  decentralized  data  module  subroutine  which 
has  moved  from  a  control  computer  into  the  local 
microprocessors.  A  software  protocol  in  the  computer 
dispatches  the  data  module  properties  via  the  MPX 
transmission  lines  to  the  corresponding  micropro- 
cessor. 

An  aluminium-heryllium  vacuum  chamber  as- 
sembly has  been  made  and  tested  for  the  UAI  experi- 
ment. This  new  assembly  will  be  installed  in  1985,  in 
replacement  of  the  present,  much  less  transparent 
chambers  of  stainless  steel  The  new  system  has  a  cen- 


tral part  of  beryllium  with  a  length  of  0.8  m  and  inner 
diameter  of  only  50  mm.  The  rest  of  the  12  ra  long  sys- 
tem consists  of  a  beam  channel  in  which  all  tubes, 
flanges  and  bellows  are  made  of  aluminium.  The  sys- 
tem is  joined  to  the  SPS  ring  via  aluminium-stainless 
steel  transitions.  During  tests  the  required  pressure  of 
about  10* 10  mbar  was  achieved  after  pumping  and  a 
bakeout. 


The  Protoo-Antiprotoi  Expertmestal  Areas 

As  part  of  the  improvements  for  the  UAI  experi- 
ment, the  SPS  Division  designed  and  coordinated  the 
installation  of  a  new  layout  for  the  forward/backward 
muon  chambers  and  hadron  absorber  walls  in  the  ex- 
perimental area  ECX5.  These  absorber  walls  are  1 1  m 
high  and  8  m  wide  and  consist  of  about  1*000  ton  of 
iron  shielding  which  became  available  as  a  result  of 
the  recent  upgrading  of  the  SPS  West  Experimental 
Area  and  the  closure  of  the  ISR.  The  forward  muon 
chambers,  form  !y  on  the  mobile  chariot,  are  now 
installed  between  the  absorber  wall  and  the  wall  of 
ECX5.  Many  cables,  water  pipes  and  the  gas  distribu- 
tion had  to  be  redeployed  or  modified  and  new  fixed 
and  mobile  platforms  provided  to  accommodate  the 
new  layout.  A  new  mechanical  system  to  open  and 
close  the  compensating  magnets  (CALCOM's)  also 
had  to  be  designed  and  built.  The  muon  identification 
was  further  improved  by  adding  mobile  iron  shielding 
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above  the  muon  chambers  underneath  the  UAI  detec- 
tor mounted  on  its  platform. 

Additional  iron  shielding  was  provided  in  LSS4 
and  LSS5  to  protect  the  UA 1  and  UA2  experiments 
from  background  originating  in  the  quadrupoles  of 
the  low  beta  insertions. 

Three  special  "Roman  Pots"  were  constructed 
and  installed  for  the  new  small-angle  scattering  experi- 
ment of  the  UA4  collaboration,  which  is  scheduled  to 
run  in  June  1985. 


The  SPS  Accelerator 

Macfelae  Studies  aad  Accelerator 
Performance 

Until  the  spring  of  1984,  the  beam  was  injected 
into  the  SPS  at  10  GeV/c  in  two  successive  batches, 
each  sliced  over  five  turns  in  the  CPS  by  the  continu- 
ous transfer  scheme.  The  accelerated  intensity  was  li- 
mited to  about  2.8  x  10"  protons  per  pulse  by  a  lack 
of  machine  acceptance  in  the  transverse  planes,  col- 
lective instabilities  and  too  large  tunc  spreads  which 
caused  the  tails  of  the  beam  distribution  to  be  lost  on 
non-linear  resonances.  These  effects  proved  more  dif- 
ficult to  correct  man  expected  and  the  situation 
became  even  worse  when  attempts  were  made  to  inject 
higher  intensities  using  three  PS  batches  sliced  over 
three  turns.  In  this  case  the  omittances  are  larger  and 
the  ratio  of  the  peak  intensity  to  the  average  intensity 
around  the  ring  also  increases. 

It  was  therefore  decided  to  try  injection  at  a  , 
momentum  of  14  GeV/c,  while  remaining  with  two 
batches  sliced  over  five  turns.  The  beam  size  as  well  as 
all  transverse  space-charge  effects  and  instabilities  are 
reduced  at  this  energy.  Until  recently,  this  possibility 
was  not  attractive  because  injecting  closer  to  the  SPS 
transition  momentum  of  21.8  GeV/c  would  have  con- 
siderably increased  the  beam-loading  effects  in  the 
SPS  accelerating  cavities,  and  these  effects  were  al- 
ready a  limitation  at  10  GeV/c.  However,  an  RF  feed- 
back system  was  designed  to  reduce  the  effective 
coupling  impedance  of  the  cavities.  This  greatly  im- 
proved the  behaviour  of  the  beam  in  the  longitudinal 
plane  and  it  was  felt  possible  to  control  these  longitu- 
dinal effects  up  to  a  momentum  of  14  GeV/c.  Injec- 
tion at  this  momentum  proved  indeed  to  be  very  suc- 
cessful. Although  the  matching  in  the  longitudinal 
plane  became  more  difficult,  as  was  expected,  all  the 
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transverse  problems  practically  disappeared,  allowing  a 
perfect  transmission  of  the  beam  from  injection  totran- 
sition  energy  where  a  few  percent  of  losses  remained. 
A  peak  intensity  of  3.4  x  10n  was  accelerated,  with 
an  overall  transmission  efficiency  of  up  to  94%. 


Accelerator  OperatJoa 

The  January-February  shutdown  was  followed  by 
a  scheduled  technical  run  of  the  SPS  during  3  weeks. 
In  spite  of  the  loss  of  10  days  due  to  'critical  days*,  a 
contractually  required  reduction  in  the  electricity  con* 
sumption,  the  operation  of  the  SPS  in  the  collider 
mode  at  315  GeV  could  be  successfully  tested  and  the 
machine  was  then  prepared  for  fixed-target  physics. 

The  fixed-target  operation  started  with  moderate 
intensities  to  restart  the  physics  programme  and  in  ear- 
ly April,  after  a  machine  development  session,  the  in- 
jection momentum  was  permanently  raised  from  10  to 
14  GeV/c.  The  transmission  efficiency  was  immediate- 
ly found  to  have  improved  up  to  94%  with  2.5  x  10" 
protons  per  pulse  accelerated  to  450  GeV  compared  to 
at  most  84%  efficiency  with  injection  at  10  GeV/c. 

In  periods  two  and  three  with  the  experiments  ful- 
ly operational,  the  intensity  was  gradually  increased 
until  a  peak  intensity  of  3.4  x  10"  protons  per  pulse 
was  recorded  for  the  highest  intensity  over  any  15  mi- 
nute period  of  operation. 


Table  3 — SPS  Operation  for  fixed  target  physics 
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The  SPS  ran  for  most  of  the  year  with  a  repetition 
time  of  14.4  s.  which  ulous  a  flat  top  at  450  GeV  of 

2  8s  and  thus  a  duty  cycle  of  the  counter  experiments 
in  the  North  and  West  Areas  of  about  20^.  The 
increased  intensity  performance  compensated  the 
neutrino  physics  for  the  slower  repetition  time. 

The  overall  efficiency  of  operation,  the  ratio  of 
actual  beam  time  to  scheduled  beam  time,  was  827*. 
The  worst  penod  was  in  the  summer  when  the  elec- 
trostatic septa  of  the  w  traction  channels  were  found 
to  suffer  from  the  high  extracted  beam  intensity.  The 
accelerated  beam  intensity  was  thereupon  reduced  to 

3  1  x  10"  protons  per  pulse  to  reduce  the  risk  of  fai- 
lure of  these  septa. 


Technical  Developments  of  the  Accelerator 

In  1983  the  protons  were  for  the  first  time  extracted 
simultaneously  at  450  GeV  to  both  the  North  and 


West  experimental  areas.  As  predicted,  this  resulted 
in  an  increase  of  the  extraction  losses  in  LSS6  at  the 
electrostatic  septa  which  are  the  first  elements  of  the 
extraction  channels.  The  extraction  losses  increased 
even  further  because  of  the  higher  accelerated  intensit- 
ies. This  led  to  a  progressive  deterioration  in  the  per- 
formance of  the  extraction  system  which  became  sev- 
erely limited  by  thermal  deformation  of  the  support  of 
the  electrostatic  wire  septum  due  to  radiation  heating. 
This  deformation  causes  an  increase  in  the  effective 
septum  thickness  which  in  turn  increases  again  the  ex- 
traction losses. 

An  improvement  project  had  therefore  been 
launched  with  the  aim  to  replace  the  stainless  steel 
support  of  the  wires  by  a  support  made  of  invar.  At 
the  same  time  the  diameter  of  the  wires  was  reduced 
from  100  pm  to  65  p  m  since  the  effective  thickness  of 
the  septum  would  no  longer  be  determined  by  the  ther- 
mal deformation  of  their  support,  but  rather  by  the 
thickness  of  the  wires  and  their  alignment. 
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A  first  electrostatic  septum  unit  equipped  with  an 
invar  anode  was  U^talled  in  July  1984  in  LSS6  with 
the  almost  dramatic  effect  of  a  reduction  of  the  losses 
by  more  than  a  factor  two.  As  a  consequence,  the  sep- 
tum in  LSS6  has  bcome  much  more  reliable  and  the 
radiation  doses  received  by  staff  in  case  of  interven- 
tions was  considerably  lower  than  before.  Three  more 
invar  anodes,  one  for  LSS6  and  two  for  LSS2  will  be 
installed  during  the  84/85  shutdown. 

Measurements  on  the  existing  extraction  septum 
magnets  have  revealed  that  the  insulation  between  the 
laminations  which  had  been  obtained  by  the  blue 
steaming  process,  has  considerably  decreased  after  a 
few  years  of  operation,  apparently  due  to  frequent 
bake-out  of  the  magnets  at  about  150*.  Since  the  cop- 
per septum  is  not  insulated  with  respect  to  the  lamina- 
tions, parallel  currents  have  developed  in  the  yokes  of 
the  magnets,  increasing  their  fringe  field.  Tests  with  a 
phosphate  insulation  of  the  laminations  were  earned 
out  successfully  during  1984  and  a  number  of  these  la- 
minations will  be  placed  at  regular  intervals  between 
the  blue  steamed  laminations  for  the  new  septum  mag- 
nets to  be  built,  for  electron  extraction  or  as  spares  for 
the  existing  magnets. 

A  new  external  beam  dump  which  incorporates  a 
graphite  core  for  better  resistance  against  short  high 
intensity  proton  bursts,  was  installed  and  commission- 
ed in  the  TT60  transfer  line.  The  temperatures  induced 
by  fast  and  slow  extracted  proton  beams  have  been 
measured  and  indicate  that  intensities  of  up  to 
3  x  10°  protons  per  pulse  can  safely  be  dumoed  re- 
petitively. Such  a  beam  intensity  at  450  GeV  carries  a 
kinetic  energy  of  2. 16  MJ. 

The  vertical  and  horizontal  super  damper  systems 
for  damping  transverse  coherent  betatron  oscillations 
arc  now  complete  and  have  been  tested  with  beam. 
These  tests  have  shown  their  capability  of  acting  on 
the  beam  at  frequencies  in  the  range  3  MHz  to 
50  MHz.  The  change  to  injection  at  14  GeV/c  hvs 
modified  the  beam-machine  characteristics  so  that  the 
strong  instabilities  originally  observed  at  injection  and 
requiring  the  supcrdamper  are  no  longer  present. 
However,  towards  the  end  of  the  last  fixed-target  run, 
at  ihc  very  high  intensities  obtained,  transverse  in- 
stabilities on  small  portions  of  the  beam  were  seen  at 
higher  energies  during  acceleration  and  there  was  also 
some  evidence  for  instabilities  of  this  type  during  ex- 
traction, thus  spoiling  the  extracted  beam  quality.  All 
these  effects  will  be  studied  in  detail  during  the  fixed- 
target  run  beginning  in  April  1985.  The  wideband  na- 
ture of  the  electronics  in  the  pick-up  chain  has  allowed 
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observation  am  clarification  of  the  radial  motion  of 
parts  of  the  injected  beam  particularly  around  transi- 
tion and  associated  with  beam-loading  in  the  RF  cavi- 
ties. 

The  RF  feedback  system,  which  considerably  lo- 
wers the  effective  impedance  of  the  wccelerating  cavi- 
ties, is  one  of  the  key  items  in  the  successful  operation 
ofthe  14GeV/cinjectior  To  further  improve  the  per- 
formance of  this  critical  element,  a  new  RF  feedback 
circuit  with  a  larger  bandwidth,  using  the  technology 
developed  for  the  supcrdamper  project,  has  been  built 
and  tested  on  the  RF  cavities. 

An  extensive  maintenance  programme  of  the  RF 
power  generators  was  necessary  to  maintain  the  re- 
quired high  degree  of  reliability.  To  this  end  a  com- 
plete dismantling,  cleaning  and  re-assembly  of  the  C8 
amplifiers  of  one  of  the  200  VMz  power  plants  was 
carried  out  during  the  shutdowns. 

The  computer  replacement  programme  which 
started  in  1579,  has  now  been  -^mpleted.  The  last  10 
NORD-10  computers,  which  have  been  in  use  since 
1973,  have  also  been  replaced  by  NORD-100  compu- 
ters. Seven  laboratory  compu.^j,  which  so  far  were 
used  in  a  stand-alone  mode,  have  been  linked  to  a  new 
message  handling  node  of  the  SPS  computer  control 
system.  ThL  enhances  considerably  their  usefulness 
for  software  development  and  ease  of  maintenance. 

The  computer  systems  have  been  upgraded  to  al- 
low execution  of  FORTRAN- based  functions.  In  a 
number  of  control  computers  the  user  working  areas 
have  been  increased  and  facilities  allowing  the  execu- 
tion of  multiple  tasks  in  parallel  have  been  added.  Ad- 
dittonal  auxiliary  crate  controllers  have  been  installed 
for  the  bevm  monitoring  systems.  /  new  hardware  in- 
terface has  been  conceived  and  implemented  for  the 
linking  of  local  microprocessors  in  a  G64  crate  to  the 
existing  multiplex  system.  Its  design  has  been  made 
compatible  wtfh  the  MIL  1553  standard  bus  in  view  of 
its  alternative' use  in  the  LEP  control  system. 


The  Experimental  Areas  for 
Fixed-Target  Physics 

During  the  fixed-target  programmes,  all  seven 
principal  secondary  beams  in  the  North  Area  have 
been  exploited  to  serve  a  total  of  fifteen  experiments, 
of  which  five  have  been  completed  and  three  were  tak- 
ing data  for  the  first  time  Among  the  experiments 
completed  was  NA30,  the  precision  determination  of 
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the  neutral  pion  lifetime,  in  which  members  of  the 
SPS  Division  have  participated.  The  result,  which  is 
an  order  of  magnitude  more  precise  than  pievious 
measurements,  has  been  submitted  for  publication. 

Among  the  new  experiments,  the  project  to  pio- 
vide  alternate  K?  and  K%  beams  for  a  precision 
measurement  on  CP-violation  in  experiment  NA31 
reached  a  first  stage  of  preparation.  The  Kt  beam  was 
successfully  commissioned,  following  the  complete 
retaliation  of  the  decay  tank,  stretching  over  1 10  m  of 
length  and  providing  a  volume  of  400  m\  was 
evacuated  to  a  pressure  of  0.1  mbar.  Counting  rates 
due  to  decays  of  Kl  from  the  beam  in  this  mode  of 
operation  were  recorded  in  the  detectors  of  the  experi- 
ment. A  not  her  major  new  experiment,  NA34,  designed 
to  study  lepton  production  in  detail,  started  testing 
and  calibrating  the  uranium  calorimeter  nodules  to  be 
used. 

Design  studies  have  included  a  proposal  to  estab- 
lish a  link  between  the  front  end  of  the  M2  muon 
beam  and  the  Po  beam  serving  the  North  Area  High 
Intensity  Facility  (NAH1F).  This  is  intended  to  pro- 
vide the  choice  of  recuperating  the  primary  beam  to 
NAH1F  either  from  target  station  T4,  as  at  present,  or 
from  T6  in  conjunction  with  the  muon  beam,  accord- 
ing to  the  needs  of  the  experimental  program. 

Also  the  West  Area  beams  were  fully  exploited, 
serving  six  high  energy  experiments  and  a  large  num- 
ber of  test  and  calibration  runs  mainly  for  detectors  of 
the  prolon-antiproton  and  the  LEP  experiments.  Elec- 
trons, photons,  pioru  and  protons,  including  protons 
from  lambda  decay,  were  provided  to  the  four  ex- 
periments using  Omega,  either  for  physics  runs  or  for 
calibration  purposes.  In  H3  the  emulsion  experiment 
WA75  was  completed  and  replaced  by  a  more  sensitive 
beauty  particle  search,  experiment  WA78,  for  which 
the  SPS  Division  had  to  plan  and  modify  the  layout. 

The  three  test  beams,  X3,  XS  and  X7  are  derived 
from  the  split  H3  beam.  A  full  programme  of  tests 
and  calibrations  was  carried  out  in  these  beams.  Con- 
siderable effort  is  required  to  study  and  execute  the 
installation  of  new  detectors,  of  ever 'increasing  sizes, 
in  the  test  areas,  some  of  which  have  to  be  installed  at 
short  notice.  During  the  last  days  of  the  fixed-target 
programme  the  XS  beam  was  modified  to  be  able  to 
transport  a  calibration  beam  to  the  experiment  WA1 
■n  the  neutrino  counter  building. 

Extensions  of  the  X7  test  beam  to  WA79 
(CHARM  II)  have  been  studied.  The  version  chosen 
will  have  magnets  installed  in  the  former  BEBC  hall 
and  will  require  a  further  250  m  of  vacuum  pipe.  A 


study  is  underway  to  provide  yet  another  test  beam  in 
the  West  Area,  which  would  be  derived  from  a  second 
split  of  th£  H3  beam  and  which  would  be  tailored  to 
the  needs  cf  UA1.  The  UA1  equipment  could  then  be 
removed  from  XS  thus  alleviating  somewhat  the  criti- 
cal situation  in  that  beam.  Further  test  possibilities 
will  also  be  provided  in  the  North  Area  beams  H2  and 
H6. 

Other  long  term  studies  taking  place  concern  the 
installation  of  7  m  diameter  half  rings  of  the  LEP  ex- 
periment OPAL  for  calibrating  several  thousand 
leadglass  blocks  and  a  calibration  stage  for  the  UA1 
super  gondolas. 


Other  Developments 

The  development  project  of  a  superconducting  di- 
pole  magnet  with  a  bore  of  70  mm  and  a  magnetic 
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length  of  5.3  m  has  been  successfully  completed.  After 
final  assembly  And  testing  of  the  magnet  and  its 
complex  helium  cooling  system,  the  magnet  could  be 
cooled  down  in  7  days  to  <.6*K  at  a  helium  Row  rate 
of  1.9  g  s" the  total  static  heat  loss  amounting  to 
32  W.  The  magnet  was  then  excited  to  4.5  kA  whwh 
corresponds  to  a  maximum  field  of  4.85  Tin  the  wind- 
ing and  of  4  2  T  in  the  bore.  These  values  were 
achieved  without  any  training  or  quenching  of  the 


magnet  coil.  The  Held  integral  was  22.3  T/m  or  2A*k 
above  the  design  value  of  18  T/m. 

Many  staff  members  from  different  groups  have 
contributed  to  the  various  aspects  of  the  feasibility 
study  for  a  Large  Hadron  Collider,  particularly  on  the 
subjects  of  general  accelerator  physics  and  lattice  de- 
sign, the  RF  system,  the  vacuum  and  high  field  super- 
conducting magnets. 
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Introduction 


At  this  stage  of  the  LEP  Construction  Project, 
eyes  are  turned  mainly  towards  the  civil  -engineering, 
not  only  because  of  the  many  construction  sites  now 
dotted  around  the  local  countryside,  but  also  because 
of  its  importance  in  completing  the  project  to 
schedule.  In  fact,  progress  has  been  nothing  less  than 
spectacular,  even  in  spite  of  two  protracted  industrial 
disputes  at  the  principal  contractors.  Already  the 
Unac  and  Electron -Positron  Accumulator  (EPA) 
buildings,  together  with  the  dipole  magnet  assembly 
hall,  have  been  constructed  and  several  more  halls  will 
be  ready  early  in  1985.  Ten  of  the  eighteen  access 
shafts  to  the  main  ring  have  reached  the  tunnel  level 
and  a  start  has  been  made  to  the  tunnel  itself  in  the 
'Plaine'  region.  Under  the  Jura  mountain,  where  rock 
conditions  are  less  favourable,  the  junction  chamber 
UJ  32  to  the  existing  Reconnaissance  Gallery  has  been 
excavated  together  with  the  escape  shaft  PZ  33  and 
some  800  m  of  the  tunnel  itself. 

The  schedule  for  all  other  machine  systems  is 
being  respected  with  many  production  prototypes  and 
series  equipment  already  delivered,  the  remainder 
being  well  on  the  way  to  being  manufactured  or  order- 
ed, and  more  than  two-thirds  of  the  total  project  bud- 
get already  paid  or  committed.  That  so  much  has  been 
achieved  so  far  is  a  glowing  tribute  to  the  staff,  not 
only  of  LEP  Division  but  of  all  the  divisions  who  are 
supporting  this  project. 

For  convenience,  all  the  construction  project 
work  is  reported  in  this  chapter  and  the  contributions 
both  to  the  project  and  to  this  Annual  Report  from 
the  divisions  other  than  LEP  are  gratefully  acknow- 
ledged. 

Sadly,  the  final  shutdown  of  the  ISR  has  to  be  re- 
ported; the  very  last  beam  being  dumped  at  6  a.m.  on 
25  June.  True  to  form,  however,  the  machine  behaved 
in  an  exemplary  fashion  right  to  the  end  so  that  the 
last-ever  ISR  physics  experiment  could  be  competed 
successfully.  The  latter,  experiment  R704  (direct  for- 
mation of  chirm onium  states  in  pp  annihilations), 
with  its  very  reliable  and  efficient  hydrogen  gas  target, 
used  a  circulating  an ti pro* on  beam  at  various  momen- 
ta between  3.S  and  6.S  GeV/c  and  received  a  total  of 
3000  nb~ 1  of  integrated  luminosity.  The  ISR  machine 
was  then  dismantled  to  create  work  and  storage  space 
for  LEP  equipment  and  to  permit  some  of  the  compo- 
nents to  be  used  for  the  LEP  and  other  CERN  pro- 
jects. 


Finally,  the  CERN  Accelerator  School,  to  which 
the  LEP  Division  plays  host,  deserves  to  be  mentioned 
here.  In  only  its  second  year  of  existence,  an  ambitious 
series  of  courses  and  seminars  was  successfu"*  organ- 
ized with  demand  for  places  often  exceeding  the  num- 
ber available. 


The  LEP  Project 
Injector  System 

The  construction  and  development  of  the  Linacs, 
Accumulator  and  transfer  lines,  together  with  the 
modifications  of  the  existing  PS  and  SPS  machines  re- 
quired to  permit  their  use  in  the  LEP  injection  system, 
are  the  responsibility  of  the  PS  and  SPS  Divisions. 
Since  however  this  system  constitutes  such  a  large  and 
important  part  of  the  LEP  project,  it  is  logical  to 
report  it  here. 


TV  LEP  lajector  Uaacs  (LIL) 

In  the  continuing  collaboration  with  the  Labora- 
toire  dc  PAcc&crateur  Lineaire  (LAL)  at  Orsay,  all 
LIL  systems  have  now  been  defined  and  specified, 
most  contracts  and  orders  for  components  and  sub- 
systems have  been  placed.  The  overall  progress  is  com- 
patible with  the  aim  of  a  first  test  beam  towards  the 
end  of  1985. 

The  injection  system  for  the  high-current  Unac  is 
still  being  commissioned.  The  gun  for  the  low-current 
Unac  will  soon  be  delivered  while  its  bunching  systems, 
as  well  as  the  low-power  RF  source  and  phasing  sys- 
tem are  under  construction  at  LAL.  The  low-power 
RF  reference  line  will  soon  be  installed. 

The  first  of  a  aeries  of  high-power  modulators  has 
been  tested  successfully  and  moat  modulator  sub-sys- 
tems have  already  been  installed.  The  contract  for  the 
series  high-power  klystrons  had  been  split  between  the 
two  firms  who  succeeded  in  developing  acceptable 
prototypes  and  one  of  them  has  already  produced  an 
acceptable  unit.  The  contract  for  the  manufacture  and 
installation  of  the  high-power  RF  distribution 
networks  has  been  placed.  The  special  RF  waveguides 
and  RF  flanges  are  now  available  at  tbe  networks  con- 
tractor, wSic  has  completed  the  installation  drawings 
and  started  the  production.  Series  production  has  been 
approved  for  the  high-power  RF  windows  and  loads 
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folio  win*  satisfactory  tests  on  the  prototypes.  The 
first  LIPS  (LEP  Injector  Power  Saver)  system  (RF 
peak-power  enhancement  by  pulse  compression)  has 
been  commissioned  at  low  power  with  satisfactory 
results. 

Seven  of  the  sixteen  accelerating  structures  (see 
Fig  I)  required,  have  been  manufactured  They  are 
delivered  to  CERN  via  LAL,  where  they  arc  tested, 
aligned  and  mounted  in  their  vacuum  envelopes:  one 
such  complete  accelerating  section  has  already  been  in- 
stalled. After  initial  difficulties  by  the  different  manu- 
factures of  the  accelerating  structure  components  to 
meet  the  tight  dimensional  tolerances,  sufficient  com* 
ponents  arc  now  available  to  feed  the  structure  pro- 
duction line. 

All  the  magnetic  elements  have  been  ordered  and 
are  being  manufactured,  although  for  some  elements 
progress  has  fallen  behind  schedule,  e.g.  for  the 
FODO  quadruples  where  the  manufacturer  failed  to 
make  acceptable  coils.  Orders  have  also  been  placed 
for  all  specific  high-power  and  common  control  parts 
of  the  magnet  power  supplies  and  deliveries  have 
begun.  The  design  and  layout  of  all  the  beam  monitors 
has  been  finished,  prototypes  either  already  exist  or 
are  near  completion  and  installation  of  all  the  moni- 
tors is  scheduled  for  summer  1985.  All  the  vacuum 
system fomf  onents were  delivered,  tested  and  accepted 
during  the  year.  A  prototype  electron-positron  con- 
verter and  associated  power  supply  has  been  tested  as 
an  assembly. 


LErrrr~Ia>ct«(LPQC«tf!»b 

Both  UL  and  EPA  will  form  part  of  the  new  PS 
controls  system.  Most  of  the  hardware  interface  requi- 
rements have  been  defined  and  all  basic  CAMAC 
equipment  ordered,  while  the  front-end  and  console 
computers  &c  ready  for  installation.  Production  pro- 
totypes of  a  powerful  CAMAC-bascd  microprocessor 
have  been  completed  and  its  software  package  Is  under 
development.  The  software  specifications  W  the  in- 
dividual systems  are  also  in  preparation.  A  complete 
and  detailed  proposal  for  the  LPI  timing  system  has 
been  made  and  its  realization  in  terms  of  hardware 
and  software  compatibility  within  the  PS  machine 
complex  is  under  study. 


The  Ekctroa-Poaitron  Accsmalator 
and  the  Transfer  Lines 

Progress  with  the  design  and  construction  is  in  ge- 
neral compatible  with  the  target  date  for  completion 
of  the  machine  by  April  1966. 

Detailed  magnetic  measurements  have  been 
completed  on  the  prototype  EPA  bending  magnet, 
while  particle  tracking  and  optics  studies  have  shown 
that  its  properties  are  correct.  The  first  injection  and 
ejection  septa  have  been  assembled  and  tests  are  in 
progress.  Studies  and  measurements  on  beam-equip- 
ment interaction  were  pursued  with  particular  atten- 
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tion  to  the  kickers  where  it  appeared  necessary  to  re- 
duce the  impedances. 

Tests  on  a  mock-up  RF  cavity  were  completed 
and  means  found  to  damp  the  different  parasitic  reso- 
nances. All  the  beam  measurements  that  will  be  re- 
quired have  been  defined  and,  wherever  possible, 
existing  hardware  has  been  adapted,  e.f .  SEM  grids 
and  moving  mechanisms.  A  protc  :ype  beanvposition 
monitor  was  also  tested  and  its  low  impedance 
characteristics  confirmed. 


TkePSMotflfleatktts 

The  prototype  wiggler  has  been  successfully 
tested  in  the  DC1  ring  at  LAL,  Orsay,  France.  The 
design  wu  then  completed  and  the  magnets  will  soon 
be  ordered. 

The  study  on  the  pressure  rise  in  the  vacuum 
chamber  caused  by  the  synchrotron  radiation  resulted 
in  a  recommendation  to  change  the  dumber.  Even 
with  this,  degassing  problems  may  still  arise,  but  as 
there  is  such  a  large  number  of  different  components 
in  the  straight  sections  it  has  been  decided  to  wait  for 
actual  experience  with  an  e*  beam  in  the  PS  before 
taking  further  action.  The  power  amplifier  for  the 
114  MHz  RF  system  has  been  ordered  and  the 
mechanical  design  of  the  cavity  has  started. 


Oil  Esghteeriag  of  the  LPI- Complex 

The  civil  engineering  of  the  building  complex  for 
L1L  and  EPA  together  with  the  three  local  equipment 
buildings  has  been  completed.  However,  some  delays 
were  encountered  with  the  installation  of  the  air- 
conditioning  and  utilities. 


SPS  Modifications 

Manufacture  of  the  32  single-cell  standing-wave 
cavities  ordered  in  1983  for  the  acceleration  of  e*  bun- 
ches in  the  SPS  is  in  progress.  Following  the  placing  of 
the  order  for  the  200  MHz,  65  kW  power  tetrodes 
earlv  in  the  year,  the  first  units  are  already  being  tested 
for  acceptance.  The  resonant  amplifier  enclosure 
which  houses  each  tetrod:  and  which  will  be  mounted 
on  top  c?  each  cavity  has  been  designed  and  the  com- 
ponents are  being  ordered,  while  the  first  of  the  four 
1.1  M\V,  10  k  V  power  supplies  has  been  delivered. 


Considerable  effort  is  bang  devoted  to  the  design 
of  the  shielding  to  protect  the  insulation  of  the  SPS 
magnet  coils  against  synchrotron  radiation.  Whilst 
inside  the  magnets  this  radiation  is  absorbed  in  the 
wall  of  the  vacuum  chamber  because  of  the  small 
angle  of  incidence,  this  is  not  the  case  at  tome  4000 
locations  where  the  chamber  cross-section  changes. 
Therefore,  it  has  been  decided  to  use  a  suitable  com- 
bination of  3  mm  thick  tungsten  diaphragms  attached 
to  special  gaskets  and  mounted  inside  the  vacuum  sys- 
tem, and  of  lead  pieces  damped  to  the  outside  of  the 
vacuum  chamber. 


TrtMfer  Use*  mmi  LEP  lajectio* 

The  beam  optics  of  the  two  transfer  lines  from 
the  SPS  to  LEP  has  been  finalized  and  all  magnetic 
dements  and  their  power  supplies  have  been  defined. 
Whereas  a  total  of  about  100  magnets  are  needed, 
only  12  new  dipoles  with  a  length  of  2.8  m  had  to  be 
ordered,  all  the  other  magnets  being  recuperated* 
mainly  from  the  ISR  and  its  transfer  lines.  AH  the 
power  supplies  for  thee*  transfer  tines  were  abo  recu- 
perated from  the  ISR.  The  parameters  of  the  sted  sep- 
tum magnets  for  injection  into  LEP  have  been  deter- 
mined  and  the  tender  drawings  are  being  prepared. 

Three  full-aperture  kicker  magnets  and  one 
kicker  septum  magnet  are  needed  for  each  LEP  injec- 
tion channd.  The  former  are  single-turn,  Ocore,  fer- 
rite  H*api»t«  in  air,  built  around  a  ceramic  vacuum 
chamber.  The  design  of  these  kickers  has  started  and  a 
prototype  of  the  ceramic  vacuum  chamber,  with  a 
length  of  1.2  m,  a  width  of  220  mm  and  a  height  of 
70  mm,  has  been  ordered.  A  modd  of  the  ferrite 
kicker  septum  magnet  has  been  built  and  the  measure- 
menu  made  on  it  show  that  a  ratio  of  less  than  10* ' 
between  the  magnetic  fidd  outside  and  inside  the 
magnet  gap  has  been  achieved. 


Main  Ring 
Coastractioa  Work 

The  underground  work  in  the  plain  (carried  out 
by  an  outside  contractor)  was  hdd  up  by  two  long 
strikes,  one  at  the  beginning  of  the  year  and  the  other 
in  the  summer,  resulting  in  a  total  loss  of  some  five 
months'  work.  Despite  this  delay,  all  the  construction 
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Figure  2— The  WIRTH tunnet&ng  machine assembled and ready  to  be 
lowered  to  the  bottom  of  shaft  PMIt  before  starting  work  on  the  main 
nng  tunnel  (CERN*4$l  01  tZ) 

Figure  J—O*  10  October  the  junction  was  made  between  the  L£P 
main  tunnel  end  the  bottom  of  shaft  PZJJ  This  constituted  the  first 
geodetic  connection  between  theaafatt  network  end  some  1)00  m  of 
grroscoptceJfy  steered  tunmiUng:  the  error  bt  the  position  of  the  tunnel 
was  found to  be  less  than  I  cm  bothhorisonteify  and  vertkelfy. 
(CEKN-S)l  10.94) 


sites  have  been  opened  and  the  working  platforms 
ha**,  been  fitted  out  at  points  PGC1,  2,  4,  6  and  8. 
Ten  of  the  fourteen  shafts  started  at  these  various 
points  have  been  sunk  to  their  final  depth.  The  water 
tables  were  crossed  either  with  the  aid  of  cast  walls  (at 
points  2, 4  and  6,  in  particular*  where  the  walls  had  to 
be  up  to  40  metres  deep)  or  by  freezing  the  ground  at 
points  S  and  $  and  for  shaft  PZ  45  at  point  4.  Here*  a 
large  platform  was  excavated  in  the  shelter  of  a  cast 


peripheral  wall.  Two  large  concrete* mixing  centres 
v^cre  set  up  at  points  6  and  18  to  serve  the  work  sites. 

By  the  end  of  summer,  progress  on  the  shafts  had 
reached  the  stage  at  which  it  was  finally  possible  to  un- 
dertake the  'horizontal'  excavations  at  points  1,  2,  8 
and  18  using  mobile-head  cutting  machines.  Two  tune* 
table  changes  have  been  agreed  upon  in  order  to  be 
able  to  keep  to  the  original  schedule,  concerning  espe- 
cially the  opening  of  the  work  sites  at  point  4  and  the 
introduction  of  the  first  boring  machine  at  point  18 
instead  of  point  8,  so  that  octant  1-2  can  be  dug  out 
earlier  with  a  full-face  boring  machine.  Three  of  these 
machines  were  ordered.  Two  of  them  have  been  deliv- 
ered to  the  work  site  and  are  to  be  set  to  work,  one  at 
point  18  at  the  end  of  February  1985,  and  the  other  at 
point  8  in  March  1985.  The  tunnel  liners  arc  being 
made. 

Regarding  work  beneath  the  Jura,  the  main  LEP 
tunnel  is  being  excavated  from  the  end  of  the  explora- 
tory tunnel  (point  32)  to  the  Allondon  fault,  near 
point  4.  Work  is  progressing  on  two  sites: 

-  the  main  tunnel  bored  from  the  exploratory  tunnel 
and  its  access  shaft  (PM  32)  The  connecting  struc- 
ture between  the  end  of  the  tunnel  and  the  main  tun- 
nel, referred  to  as  chamber  UJ  32,  of  a  volume  of 
2700  m\  has  been  completed,  but  was  delayed  by 
several  months  on  account  of  difficulties  associated 
with  the  nature  of  the  rock. 

-  shaft  PZ  33,  100  metres  deep,  was  sunk  during  the 
first  half  of  1984  and  the  first  liaison  between  the 
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main  tunnel  passing  beneath  the  Jura  and  the  bot- 
tom of  this  shaft  was  achieved  on  10  October. 
Although,  partly  owing  to  the  problems  with  the 
ground,  the  work  on  the  main  tunnel  was  held  up  by 
some  five  months,  it  has  progressed  satisfactorily  as 
far  as  a  point  beneath  the  village  of  Crozet.  Almost 
800  metres,  i.e.  about  a  quarter  of  its  full  length,  had 
been  completed  by  the  end  of  the  year.  The  pilot  bor- 
ings made  every  other  week-end,  gave  an  idea  of  the 
ground  120  metres  ahead  of  the  workface.  Up  to  the 
end  of  the  year,  they  revealed  an  initial  region  of 
water-bearing  faults  vertically  below  the  centre  of  the 
village  of  Crozet.  In  order  to  avoid  annoyance  to  the 
local  population,  CERN  made  arrangements  with  the 
contractor  to  restrict  blasting  to  the  two  day  shifts 
but,  since  the  quality  of  the  rock  is  improving,  this  will 
not  unduly  affect  the  overall  schedule. 

The  last  few  months  of  1984  saw  the  erection  of 
the  first  and  tartest  LEP  building  located  on  the  ring 
itself  and  intended  for  the  assembly  of  the  LEP  mag- 
nets and  their  storage  before  they  are  installed  in  the 
tunnel.  The  building  concerned  is  hall  SM  18,  covering 
an  area  of  7600  mJ,  with  four  bays  fitted  with  16  and 
8  t  overhead  travelling  cranes.  The  building  lies  dose 
to  SPS  building  BA7.  Provisional  acceptance  of  the 
main  structure  and  the  finishing  work  was  notified  on 
IS  and  29  November  1984  respectively.  Despite  the 
poor  quality  of  the  ground  encountered  during  work 
on  the  foundations,  the  building  was  completed  on 
time 


Flpirt  4  —  With  several  tMc  ft*  mf-emdy  exevmed.  such  scenes  were  lypt- 
cot  by  the  end  of  the  yecr  tms  one  shows  the  bottom  oj sheft  PX U 
seen  from  the  youtt  of experiments ere*  UX2S,  (CEXNU34  01  tS) 


The  programme  for  the  completion  of  the  build- 
ings and  surface  structures  connected  with  the  LEP 
project  is  continuing,  and  includes: 

-  the  provision  of  the  first  two  buildings  at  point  IS  at 
the  beginning  of  198S; 

-  a  start  in  the  near  future  on  the  second  phase  of  ten 
buildings  at  points  1 , 2  and  8; 

-  the  start  of  work  on  the  hall  for  assembling  the 
vacuum  chambers  on  the  Prevesan  site  in  February 
1985; 

-  the  forthcoming  issue  of  the  call  for  tenders  for  the 
third  phase  of  twelve  buildings  at  points  3,  4,  5,  6 
and  7. 

All  this  involves  a  great  deal  of  design  study  and 
preparatory  work,  undertaken  with  the  aid  of  two 
local  architects  and  several  outside  design  offices. 


Applied  Geodesy 

Civil  engineering  activities  during  the  year  requir- 
ed a  considerable  amount  of  topographic  support  such 
as  the  preparation  of  plans  of  the  shaft  sites,  roads, 
spoil  tips,  underground  services,  and  a  variety  of  other 
mapping  requirements.  This  has  led  to  a  study  being 
carried  out  on  the  possibility  of  creating  a  topographic 
data  base  for  the  whole  of  CERN  and  which  would  be 
compatible  with  the  Computer  Aided  Design  (CAD) 
system. 
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Preparatory  work  has  continued  in  support  of  the 
underground  civil  engineering  work.  In  the  Jura  sec- 
tion of  the  tunnel,  the  first  geodetic  connection  has 
taken  place  Vtween  the  surface  network,  measured  by 
a  Terrameter,  and  1300  m  of  gyroscopicafly  steered 
tunnelling.  The  error  in  dosing  the  link  was  found  to 
be  less  than  1  cm  in  both  the  horizontal  and  vertical 
planes. 

An  important  operation  in  surface  geodesy  was 
earned  out  at  the  beginning  of  December  using  the 
NAVSTAR  satellite  system.  Using  the  high  precision 
time  signals  emitted  from  an  on- board  atomic  clock, 
ground  receivers  calculated  the  vector  parameters  of 
pairs  of  survey  stations.  A  precision  of  a  few  milli- 
metres is  expected  and  should  be  similar  to  that  of  the 
original  Terrameter  measurements. 

Survey  support  has  continued  to  be  given  to  the 
PS,  1SR,  SPS  and  the  new  LEAR  experiments,  and 
the  future  beam  tine  has  been  triced  on  the  floor  of 
the  UL-EFA  pre- injector  buildings.  In  addition,  test 
beams  were  aligned  for  preparatory  LEP  experiments. 
In  the  PS  East  Area,  a  Cherenkov  counter  was  in- 
stalled for  DELPHI,  and  in  the  SPS  West  Area, 
positioning  was  carried  out  for  the  OPAL  central 
detector,  the  Bismuth  Germanium  Oxide  (BGO)  elec- 
tromagnetic calorimeter  of  L3,  and  calorimeters  for 
ALEPH  and  DELPHI. 

Finally,  progress  was  made  in  the  instrumentation 
for  the  metrology  of  the  SPS  An  industrially-produc- 
ed version  of  the  CERN-developed  Distinvar  instru- 
ment was  acquired  in  December.  Two  prototype  au- 
tomatic gyroscopes  have  been  built  and  successfully 
tested  in  the  LEP  tunnel.  This  design  is  now  open  to 
tenders  for  industrial  manufacture. 


Theory  and  Parameters 

Beam  optics  studies  were  completed  for  60°  phase 
advance  per  cell  with  a  nominal  energy  of  55  OeV.  A 
detailed  parameter  list  was  published.  Lattices  with 
90*  phase  advance  were  also  investigated  in  considera*  ( 
bie  detail.  The  closed -orbit  correction  was  simulated* 
to  assess  its  performance  and  the  necessary  corrector 
strengths  with  a  reduced  number  of  monitors.  Correc- 
tions of  the  betatron  functions  and  the  phase  advances 
between  crossing  points  were  investigated  while 
tolerances  of  the  power  converters  were  defined  and 
positions  and  working  modes  of  the  wiggler  magnets 
finalized.  The  LEP  lattice  data  base  on  the  central 
computers  was  expanded,  and  programs  were  written 
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for  the  automatic  transfer  of  information  to  the  Sur- 
vey and  Installation  Groups. 

Work  on  collective  effects  was  centred  on  the 
transverse  mod^coupling  instability  of  single  bunches 
which  is  expected  to  be  the  main  limitation  of  beam 
current  in  LEP.  Better  estimates  of  the  transverse  im- 
pedance were  obtained  and,  due  to  their  large  number, 
the  vacuum-chamber  bellows  were  identified  as  the 
main  contributors  even  when  they  are  shielded.  Both 
analytical  and  numerical  studies  were  made  to 
improve  the  understanding  of  this  problem,  and  new 
designs  with  lower  impedance  have  been  derived. 
Coherent  synchro-betatron  resonances  due  to  wake 
fields,  found  by  computer  simulation  in  1983,  can  be 
explained  by  the  action  of  localized  impedances.  A 
new  theory  of  transverse  mode-coupling  permit*  cal 
dilation  of  Landau  damping  due  to  the  spread  of  syn- 
chrotron frequencies  in  a  bunch. 

To  enhance  the  polarization  rate,  an  asymmetric 
design  of  the  damping  wiggler  has  been  adopted,  re- 
ducing the  polarization  time  at  SO  GeV  from  210  min 
to  less  than  70  min.  Improvements  of  the  spin  rotator 
design  proposal  have  reduced  the  loss  in  polarization 
to  about  5*7t.  Plans  for  implementing  polarized  beams 
in  LEP  were  presented  at  the  High-Energy  Spin 
Physics  Symposium  in  Marseille. 


Magnets 

For  the  cores  of  the  LEP  dipole  magnets,  the 
steelmaker  has  already  produced  *bout  2800 1  of  steel 
sheet  of  satisfactory  magnetic  quality  and  the  punch- 
ing factory  has  delivered  to  the  coremakers  about 
330000  laminations.  Series  production  of  the  cores 
was  started  in  summer  at  the  two  coremaking  plants, 
one  near  Vienna,  the  other  in  the  St.  Genis  Industrial 
Area,  and  by  December  about  200  cores  had  been 
cast.  The  cores  are  aged  during  three  months  at  the 
factories,  before  being  painted  and  delivered.  Mea- 
surements of  magnetic  gap  geometry  and  mechanical 
behaviour  on  the  first  ^0  cores  delivered  to  CERW 
have  shown  that  the  prescribed  production  tolerances 
have  generally  been  met . 

Prototypes  of  the  standard  lattice  quad ru  poles 
and  of  the  two  types  of  sextupoles  have  been  received 
and  found  to  have  the  required  field  quality.  Minor 
modifications  of  the  manufacturing  process  should 
produce  a  further  reduction  of  some  unwanted  har- 
monics. Prototype  correctors  are  expected  in  January 
1985. 


716 


712 


Flptrt  5  •— Meetturement  of  the  'metnetic'  geometry  of  the  eir  g*p  I* 
the  core  of  «  LEP  bendtnf  megnet  by  mems  of  e  computer-controlled 
cement  runnine.  inside  the  ftp  The  rtfrrtncts  ere  e  ktsrr  bemrn  end  en 
electronic  level  t**{*  (CEJW-4S*.  11.94) 

Flgwt  6— A  production  prototype  mxtHpok,  SB  type,  on  to  meumr* 
tnt  bench  The  output  if  the  memurtng  coils  b  trotted  on-Une  by  e 
microproceseor  which  computes  the  hwrmonk  component*  of  the  field 
intetreJ  (CERN-0l7.il  94) 


Contract!  for  the  supply  of  almost  all  the  major 
components  of  the  magnet  system  have  now  been  ad- 
judicated. Those  of  1984  include  the  water-cooled 
cables  and  the  supporting  jacks  for  the  main  dipoles, 
the  coils  for  the  injection-region  dipoles,  the  girders 
for  the  straight»section  groups,  the  busbar  modules 
for  quadripoles  and  sextupoles,  and  the  supercon- 
ducting quadrupoles  for  the  lowbeta  insertions.  The 
specification  of  the  latter  magnets,  which  have  to  fit 
into  the  experimental  apparatus,  required  detailed 
complex  design  study.  The  contract  for  the  water- 
cooled  cables  includes  their  installation  into  the  LEP 
tunnel  by  the  manufacturer. 

The  instrumentation  for  the  determination  of  the 
magnetic  geometry  of  the  dipole  cores  is  now  in  regu- 
lar use  and  the  benches  for  the  magnetic  measure- 
ments of  the  lattice  lenses  and  those  for  the  correcting 
dipoles  are  ready  and  have  been  satisfactorily  tested. 
A  data  base  has  been  prepared  for  collection  and  easy 
retrieval  of  information  concerning  the  thousands  of 
elements  of  the  magnet  system. 


Radio-Frequency 

After  successful  testing  of  the  production  pro- 
totypes of  the  1  MW  continuous- wave  klystrons,  series 
production  was  authorized  and  by  the  end  of  the  year 
two  units  from  each  of  the  two  firms  had  been  built 
and  successfully  tested.  The  tests  include  one-hour 


runs  at  1.1  MW.  Maximum  conversion  efficiencies  of 
68ft  were  reached. 

During  the  year  much  effort  was  devoted  to 
launching  series  production  by  industry  of  the  differ- 
ent components  which  are  being  assembled  into  the  ac- 
celerating structure  at  CERN.  By  the  end  of  the  year, 
all  these  components  were  in  production  while  our  as- 
sembly line,  including  the  two  semi-automatic  con- 
ditioning stands,  had  been  brought  into  operation. 
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Eight  complete  coupled  cavity  assemblies,  each  one 
contributing  3.1  M  V  peak  RF  voltage  at  125  kW  in- 
put, had  also  been  finished.  In  addition,  all  of  the 
rigid  two-port  waveguides  which  will  be  located  in  the 
LEP  accelerator  tunnel  have  been  delivered  and 
checked. 

Studies  have  continued  on  the  various  aspects  of 
synchronization  of  the  two  pairs  of  LEP  RF  stations 
and  the  injectors.  A  prototype  timing  unit  for  pico- 
second bunch  synchronization  has  been  built  and  a 
synchronization  signal  of  352  MHz  successfully 
transmitted  over  a  4  km  sample  of  a  monomode  opti- 
cal fibre. 

Theoretical  and  hardware  development  work  has 
progressed  on  a  reactive  feedback  system  which  main- 
tains the  coherent  tune  constant.  This  system  may  in- 
crease the  threshold  for  the  transverse  mode-coupling 
instability  which,  as  already  mentioned  in  the  Theory 
and  Parameters  section,  is  considered  to  be  the  most 
serious  beam  current  intensity  limitation  for  LEP. 

The  development  of  superconducting  RF  cavities 
continued  and  this  work  is  reported  more  fully  in  the 
EF  chapter.  With  efforts  concentrated  on  350  MHz 
units,  some  very  encouraging  results  were  obtained. 
Accelerating  fields  of  lOMV/ni  and  quality  factors  of 
3  x  I09  were  attained.  A  new  cavity  layout  for  LEP 
was  finalized  and  development  of  couplers,  tuners, 
and  cryostats  continued. 


Vacuum 

A  large  number  of  orders  was  placed  in  1984  for 
the  supply  of  essential  components  of  the  main  ring 
vacuum  system.  Series  prototypes  of  the  extruded 
tubes  and  the  forged  flanges  for  the  standard  vacuum 
chambers  made  of  aluminium  were  received;  the 
equipment  for  the  series  production  of  the  chambers 
neared  completion  in  two  firms  while  their  lead 
cladding  was  ordered  at  a  third  one. 

Manufacture  of  the  getter  strip  was  started  suc- 
cessfully; so  far  about  3  km  has  been  received  and 
found  to  be  even  better  than  specified.  The  strip  sup- 
port system  has  been  finalized  and  is  being  produced 
such  that  complete  getter  pumps  are  available  to  be 
installed  into  the  first  dipole  chambers  (see  Fig.  7). 
Delivery  of  the  sputter-ton  pumps  continued  normally 
with  75  received  by  the  end  of  the  year.  Special  efforts 
went  into  the  critical  problem  of  corrosion  resistance 
of  many  components,  in  particular  thin-wal)  bellows 
and  the  feedthroughs  needed  for  the  getter  strip  and 
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Figure  7e  —  A  grtter  pump  being  Inserted  into  the  pumping  channd  of 
*  dipole  vacuum  dumber  prior  to  welding  *  doting  plate  oyer  this 
channel*  the  water  connections  to  the  cooling  channels  end  the  end 
flange  to  the  elliptical  beam  channel  (C£*N-24).I2  34J 

figure  7b—  The  getter  strip  about  900  x  magnification.  Its  granular 
structure  &  dearfy  visible,  this  yields  an  active  surface  of 
SO  cm1  per  cm3  of  getter  strip  (CBRS-290  02 13) 


the  ion  pumps.  The  first  of  20  mobile  pump  groups 
has  been  received  as  well  as  the  all-metal  valves  for 
connecting  ihem  to  the  vacuum  chambers. 

In  order  to  gain  experience  with  a  complete  vacu- 
um system,  much  effort  went  into  testing  a  full  length 
half-cell  of  the  standard  LEP  lattice  (39.5  m  long), 
consisting  of  three  bending  magnets  and  a  short 
straight  section  with  mock-up  quadrupole  and  sex- 
tupole  magnets.  Important  aspects  studied  included 
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the  fixation  of  the  vacuum  chamber  in  the  magnet 
yokes,  thermal  insulation  to  reduce  temperature  gra- 
dients in  the  magnets  during  bakeouts  of  the  chambers 
at  150*C,  the  interconnection  of  the  chambers  with 
flexible  bellows  and  particularly,  the  aluminium  gas- 
kets used  to  obtain  UHV  joints  leak-tight  between 
room  temperature  and  1S0*C.  In  addition,  general 
vacuum  problems  could  be  studied  in  detail  such  as 
leak  testing  over  a  large  chamber  length,  operation  of 
the  getter  and  the  ion  pumps,  many  bakeout  cycles 
and  measurement  of  the  final  pressure  after  bakeout 
and  several  days  of  pumping.  These  tests  have  already 
given  very  valuable  information  and  are  being  con- 
tinued. Final  components  are  being  added  step  by  step 
in  order  to  have  a  half-cell  identical  to  those  to  be  in- 
stalled in  the  tunnel. 


Beam  Instrumentation 

For  the  beam  orbit  measuring  system,  450  alu- 
minium blocks,  each  machined  to  hold  four  pick-up 
button  electrodes,  are  being  incorporated  into  the  alu- 
minium vacuum  chambers  now  in  production.  Four 
series  of  button  prototypes,  requiring  aluminium- 
ceramic  brazing,  have  been  received  from  industry  and 
are  being  tested,  both  for  leak  tightness  and  for  their 
electrical  properties,  on  a  high  precision  bench  recent- 
ly installed  in  the  laboratory.  Studies  and  tests  are 
continuing  on  electronic  circuits  to  treat  the  button 
signals  and  to  specify  the  signal  data  acquisition 
system. 

An  optical  laboratory  has  been  designed  for 
installation  at  the  bo'tom  of  pit  1  (US  IS).  This  will 
allow  polarization  measurements  to  be  made  by  means 
of  a  laser  and  analysis  of  the  UV  synchrotron  light 
emitted  by  the  electron  and  positron  beams.  A  source 
for  the  synchrotron  Light  has  been  studied  in  detail  and 
will  consist  of  two  mini-wigglers  located  at  ±60  m 
from  the  beam  crossing  point.  Further  study  of  a 
beam  emittance  measurement  system  based  on  syn- 
chrotron light  produced  in  the  and  detected  in  the 
tunnel  has  been  made  with  the  aid  of  Monte-Carlo 
simulation. 

Measurements  on  a  new  model  adjustable  col- 
limator, including  three-dimensional  transition  pieces 
to  reduce  RF  impedances,  has  allowed  the  design  of  all 
collimators  to  be  optimized.  Successful  tests  of  a  wire 
scanner  and  of  a  travelling-wave  position  monitor 
operating  at  3  GHz,  developed  ftt  the  LEP  injector, 
have  been  performed  at  LAL. 


Flfure  t—  Prototype  of*  kitk-vott*tt  riearodeemi  omof the  waatm 
texts  of  the  beem  xpontto*  system  (CERN-m.lO.t4i 


Electrostatic  Separators 

A  full-size  prototype  separator  with  4  m  long 
stainless  steel  electrodes  mounted  inside  a  4.S  m  vacu- 
um tank  has  been  constructed.  Particular  attention 
was  paid  tc  the  cooling  system  of  the  electrodes  to 
ensure  a  sufficiently  uniform  cooling  of  their  surface. 
This  is  necessary  since  the  electrostatic  separators 
form  a  discontinuity  of  the  vacuum  chamber  cross- 
section  thus  creating  parasitic  mode  losses  which  dis- 
sipate about  150  W  in  each  electrode  at  the  nominal 
intensity  of  3  mA  per  beam.  At  present,  hollow  elec- 
trodes with  an  internal  structure  to  produce  the  desir- 
ed distribution  of  the  cooling  liquid  are  being  tested. 
An  alternative  design  with  a  single  cooling  channel  in 
the  middle  of  the  electrode  is  also  under  consideration. 

The  detailed  design  and  prototype  construction  of 
all  other  high-voltage  components  such  as  connectors, 
resistors,  distribution  units  and  earthing  switches  is  in 
progress.  The  cables  have  been  ordered  and  invitations 
to  tender  have  been  issued  for  the  power  supplies. 


Power  Converters 

A  detailed  analysis  of  the  problems  related  to  the 
possibility  of  later  extending  the  beam  energy  from 
65  GeV  to  100  OeV  was  completed  for  the  power  con- 
verters of  the  magnet  system.  This  showed  that,  with 
only  a  minimal  increase  in  the  initial  investment,  the 
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same  converters  can  be  re-used  together  with  some 
additional  units  when  the  energy  is  increased.  In  this 
way,  the  original  set  of  converters  will  not  be  wasted 
and  the  cost  of  the  additional  ones  will  be  minimized. 

Initial  specifications  were  written  for  the  main 
components  of  the  magnet  system  power  converters 
and  formed  the  technical  part  of  the  preliminary  en- 
quints  sent  to  a  very  large  number  of  firms  in  aU  the 
Member  States.  Special  attention  was  paid  to  the  con- 
verters feeding  the  superconducting  quadrupoles  in 
the  beam  interaction  regions.  They  will  have  to  be  very 
compact  and  highly  efficient  in  order  to  fit  into  the 
restricted  space  at  the  bottom  of  the  access  shafts,  and 
to  minimize  heat  transfer  to  the  cooling  system. 

Numerical  simulations  were  made  of  the  100  kV, 
40  A  klystron  power  converter.  Specifications  were 
then  established  for  a  prototype  and  the  main  compo- 
nents ordered  for  delivery  early  in  1985.  A  100  kV, 
4  MW  water-cooled  dummy  load  was  also  designed 
and  will  allow  the  high-voltage  converters  to  be  run  at 
full  power  during  their  commissioning. 

A  pre-series  of  40  units  of  the  5.6  kV,  125  mA 
converters  for  the  sputter-ion  pumps  was  built  by 
industry,  successfully  tested  and  installed  into  various 
vacuum  test  installations. 


Electrical  Installation 

As  the  principles  governing  the  electricity  dis- 
tribution system  have  been  soundly  established  over 
the  past  few  years  and  finalized  in  1984,  it  was  possi- 
ble to  go  ahead  with  thr  orders  for  the  distribution 
switchgear.  They  concern  the  lion's  share  of  the  equip- 
ment (400,  66  and  18  kV  distribution  systems,  Vw- 
voltage  distribution  switchboards,  sub-station  moni- 
toring and  protection  auxiliaries  and  66  and  18  kV 
cables).  The  contract  for  the  installations  in  the  sur- 
face buildings  has  been  concluded  and  commercial 
agreements  have  been  signed  with  manufacturer? of 
cable  ladders  and  lighting  fittings  in  order  to  stan- 
dardize this  type  of  equipment.  Calls  for  tenders  are 
now  being  drawn  up  so  that  the  rest  of  the  equipment, 
except  for  the  compensators  and  filters,  can  be  order- 
ed in  198S. 


Controls 

For  communications  around  the  LEP  site,  the 
Time-Division   Multiplex   (TpfcJ)  system  (tested 
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in  an  accelerator  environment)  was  further  defined 
and  a  preliminary  enquiry  was  sent  out  to  potential 
European  suppliers  with  encouraging  results.  Exten- 
sive transmission  tests  were  conducted  over  TDM  sys- 
tems using  the  proposed  token-ring  network.  The 
radio  communications  system  in  the  underground 
areas  was  defined,  and  tenders  have  been  invited. 

The  development  of  prototype  Process  Control 
Assemblies  (PCAs)  was  continued  throughout  the 
year,  with  a  first  version  being  demonstrated  in  July. 
These  use  General-purpose  Processing  Units  (OP Us) 
which  execute  functional  tasks  and  communicate 
between  themselves  in  message  mode:  two  such 
assemblies  are  currently  available  for  software 
development.  PCA  interfaces  to  the  token-ring 
network  have  been  developed  using  the  68000  micro- 
processor. The  NODAL  interpreter  for  the  PCAs  was 
also  completed,  including  string-handling  and  full- 
screen editing  functions. 

The  multidrop  highway  which  will  be  used  to  con- 
nect equipment  to  the  PCAs,  was  further  developed 
and  tested  by  a  number  of  groups.  Extensive  effort 
was  applied  to  the  definition  of  the  communication 
protocol  between  the  PCAs  and  tt  microprocessors 
residing  in  the  equipment  control  crates,  while  the 
software  for  the  highway  was  developed  and  delivered 
to  several  users  by  the  end  of  the  year. 

An  access  control  system  for  personnel  and 
material  entering  the  LEP  sites,  or  going  underground 
via  the  access  shafts,  has  been  defined  and  prototype 
work  started. 


CootlagMdVeadlatJoa 

Detailed  design  of  the  machine  cooling  water  cir- 
cuit was  completed,  following  studies  of  water  ham- 
mer effects  and  economic  pipe  sizing.  Layout  draw- 
ings were  also  made  of  the  underground  cooling  plant 
installations  and  the  surface  coolinr  tower  installa- 
tions, and  these  were  the  subject  of  „  preliminary  en- 
quiry to  industry  for  their  supply  and  installation. 

Preparation  of  tender  documents  for  the  air- 
conditioning  circuits  was  started  and  by  the  end  of  the 
year  tenders  for  this  equipment  in  shaft  PM  15  had  al- 
ready been  received.  Tenders  for  the  remainder  of 
these  circuits  will  be  invited  in  1985.  Air  pressurization 
of  the  personnel  access  shafts  and  aspects  of  smoke 
detection  were  also  studied,  and  the  layout  and  design 
of  the  heating  and  ventilation  systems  for  surface 
buildings  started. 
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Fitter  9—AUibordfor  «  dtmotuXttioM  ridt  on  ikt protorypr  of  ik« 
momenta sysum  whkMwOlb* vmdtoirmupOrttRtkt  ^iptrntntrnd 


Hardware  and  software  for  control  systems  have 
been  developed  and  tests  completed  of  local  and  auto- 
nomous  data  acquisition,  closed-loop  regulation  and 
programmed  control  circuits.  The  hardware  and  soft* 
ware  component*  for  the  chilled  water  production  and 
air  handling  systems  have  also  been  optimized  under 
test  bench  conditions. 

A  fire  and  hazard  protection  policy  was  formulat- 
ed and  safe  working  practices  assessed.  This  has  in* 
volved  the  identification  of  potential  fire  and  other  ha* 
zards  and  studies  of  hazard  detection  systems,  alarm 
and  monitoring  procedures  using  the  LEP  interface 
and  computing  facilities,  as  well  as  an  assessment  of 
various  types  of  fire  protection  systems. 


lastaDatioa  aad  EagUeertag 

A  great  effort  has  been  devoted  to  the  conversion 
of  the  design  office  staff  to  Computer  Aided  Design 


(CAD)  techniques.  Due  to  their  coop%<*tioo  and  adap- 
tability, about  50*  of  the  mechanical  design  and 
100*  of  the  layout  drawings  are  already  produced  in 
th's  way. 

Thr  ORACLE  data  base  has  been  improved  and 
updated  throughout  the  year,  and  simulation  pro- 
grams were  developed  for  use  in  planning  the  tunm. 
equipment  installation  logistics.  In  particular,  the  pro- 
grams allow  fhe  installation  sequences  to  be  analysed 
and  the  necessary  resources  to  be  assessed. 

Some  of  the  equipment  for  transporting  equip- 
ment has  already  been  delivered  by  industry  while  the 
remainder  is  either  already  ordered  or  is  now  being 
finally  defined.  The  monorail  prototype  was  suc- 
cessfully tested  and  production  of  the  components  re- 
quired for  installing  the  system  in  the  tunnel  started. 
Orders  were  placed  for  the  concrete  modules  and  the 
lifts  of  the  access  shafts  and  for  the  tunnel  metal 
framework.  All  the  heavy  cranes  required  will  be 
ordered  in  1985. 
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On  the  mechanical  engineering  side,  assistance  to 
other  groups  continued  for  design  computations,  spe- 
cification drawings,  prototype  manufacture,  testing, 
etc.  The  section's  co-ordinating  role  continued  'o  be 
important,  particularly  in  helping  to  avoid  interfer- 
ence between  machine  elements.  New  techniques  were 
also  developed  for  the  production  of  ultra-thin  alu- 
mi:  :um-alk>y  vacuum  chambers,  for  the  use  of  beryl- 
lium and  composite  materials,  and  for  the  forming  of 
superconducting  cavities. 


lUdbaJoaCotttrol 

Radiation  resistance  tests  for  many  of  the  items  to 
be  installed  in  the  LEP  Main  Ring  continued  through- 
out the  year.  At  the  same  time,  calculations  were  ma4c 
for  the  shielding  required  for  the  double  bending  sec- 
tions and  for  components  in  the  main  ring  as  well  as 
on  the  transmission  of  synciirotron  radiation  through 
chicanes.  Dosimetry  and  calibration  studies  for  the 
LEP -produced  synchrotron  radiation  were  also  car- 
ried out  and  a  small  project  started  with  other  insti- 
tutes and  industry  to  develop  a  visual  indication  dosi- 
meter for  use  in  high- radiation  areas.  In  addition  to 
participating  in  the  design  of  the  LEP  access  system,  a 
radiation  monitoring  system  for  the  LIL/EPA  com- 
plex and  the  LEP  klystron  test  area  has  been  defined 
and  partly  insulted.  The  development  of  an  interface 
between  the  different  LEP  radiation  monitor  systems 
and  the  main  control  system  is  in  progress. 

Two  environmental  monitor  stations  for  measur- 
ing natural  radiation  and  radioactivity,  as  well  *5  0» 
and  NO2  have  been  put  into  operation  near  shafts  1 
and  5.  Also,  in  collaboration  with  the  Swiss  Commis- 
sion for  sum tllance  of  radioactivity,  area  dose  mea- 
surements were  initiated  near  shaft  £.  Following  dis- 
cussions with  the  representative  of  the  !NR  (Installa- 
tions Nucleaires  de  Base)  commission,  the  relevant 
chapters  of  the  r*'B  report  cn  lEP  radiation  protec- 
tion were  compK  cd. 


Computer  Services 

Despite  hardware  problems,  CAD  is  more  and 
more  used  as  a  standard  tool  by  LEP  designers  for  me- 
chanical drawings  as  well  as  electrical  and  hydraulic 
schematic*.  Msny  techuca!  specifications  arc  now 
issued  with  CA'»  drawings  only,  espeocily  since  the 
n**w  :imem toning  procedure  of  the  latest  version  of 
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EUCLID  software  is  now  available.  Extensive  use  of 
libraries  of  standard  objects  stored  in  the  data  base 
(LEP  components  and  buildings)  eases  considerably 
layout  work  while  upgrading  of  the  two  VAX  compu- 
ters at  the  end  of  the  year  Increased  the  available  com- 
puting power  for  the  20  work  stations.  Further  hard* 
ware  extension  L  planned  for  1985. 

The  year  nw  a  considerable  increase  of  data  in 
the  LEPDB  data  base  .*3  tlie  applications  moved  from 
the  development  to  the  production  phase  The  appli- 
cations which  put  the  system  under  the  heaviest  load 
were  the  planning  facility,  POL  (planning  using  ORA- 
CLE for  LEP),  and  the  installation  logistics  system, 
which  is  still  in  full  development.  Both  the  cable  and 
the  magnet  test  systems  are  in  constant  use,  as  well  as 
the  systems  for  handling  printed-board  components 
and  the  LEP  inventory.  Alt  together,  seven  applica- 
tions were  in  use  by  the  end  of  the  year  with  a  further 
ten  under  development.  Common  dictionaries,  which 
include  name  abbreviation,  location  and  equipment 
codes,  etc.  are  maintained  for  general  use  by  all  dtta 
base  applications.  TV  t baring  of  data  between  groups 
is  becoming  increasingly  Important.  So  far  the  project 
has  been  hampered  by  the  unavailability  of  a  more 
powerful  VAX  computer  but  a  new  machine  is  ex- 
pected in  summer  1985.  To  bridge  the  gap,  a  VAX 
11-750  and  an  upgrade  to  the  present  VAX  11-780 
have  been  rented  and  development  moved  to  the  lest 
powerful  machine.  A  new  version  of  ORACLE,  the  re- 
lational data  base  management  system,  is  expected  in 
the  near  future,  a  test  version  having  shown  a  notable 
improvement  in  performance. 


Experimental  Areas  and 
Background  Conditions 

In  parallel  with  the  remarkable  progress  made  on 
the  four  LEP  Experiments,  described  elsewhere  in  this 
report,  detailed  designs  of  the  expef. mental  areas  have 
been  made,  including  main  technical  services,  shield* 
Jng,  passageways  and  access  routes.  Particular  impor- 
tance has  bora  attached  to  all  safety  aspects  and  mod- 
els have  been  b,ul:  to  study  these  problems  in  detail  in 
the  most  critical  zones  A  certain  amount  of  extra 
work  was  necessary  since  the  area  allocation  to  ex- 
periments ALEPH  and  DELPHI  has  not  yet  been 
decided  and  care  had  to  be  taken  to  make  iure  that 
cither  experiment  could  fit  in  each  of  the  two  possible 
interaction  areas  4  and  8  rbe  gas  storage  and  mixing 
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Fltwe  tO—LEP*xpvw#ni  U  Amodetoftk*eipenme*t*ltrt*witk 
tke  m*t*tt  *nd  deitaor  m  piece  (CERN-039  01  95) 


plant*  have  been  designed,  including  the'  buildings 
and,  for  the  sake  of  standardization,  all  tnese  plants 
will  be  built  out  of  identical  modules 

Estimates  of  synchrotron -radiau'oa-taduccd  back- 
grounds to  be  expected  by  the  LEP  experiments  were 
refined  and  used,  for  example,  to  define  the  necessary 
aperture  of  the  vacuum  chamber.  Possible  distribu- 
tions of  beam  losses  in  the  vicinity  of  an  experiment 
were  studied  for  different  operating  conditions  with  a 
vie  /  to  estimating  the  annual  radiation  dose  to  be  ex- 
pected at  the  experimental  detectors.  Finally,  detailed 
studies  of  the  synchrotron  radiation  created  at  the 
beam  crossing  points  were  started  using  the  latest  per- 
formance estimates. 


Intersecting  Storage  Rings 

Operation  to:  Experiment  k^v 

In  its  fourteenth  and  final  year  of  exploitation, 
the  ISR  v  as  used  for  12  runs,  each  lading  about  a 
week,  in  a  special  mode  to  conclude  experiment  R704. 
This  a  per  men'  required  a  circulating  antiproton 
beam  with  •  be  un  current  of  about  5  mA  in  collision 
with  a  t*ydiogen  gas  target  in  rtng  2  of  the  ISR.  The 
beam  mo  men  tun,  varied  between  3.5  and  6.5  CeV/c 
and  the  expected  lutfirosity  at  the  beginning  of  each 
run  was  around  2  x  10"  cm  Js"1. 


Flp*e  II  — The  hydros**  t&v*  *sfBatk*  the  eddtik*  of  * 
third  turbomokader  pump  to  btcrraw  the  mextmum  Mrpf  density  by 
50%  (CEXN-120  03  U) 


Filling  with  antiprotons  from  the  AA  took  place, 
in  principle,  every  Monday,  followed  by  a  data  taking 
period  which  was  intended  to  last  for  1U0  hours  or 
more.  This  complex  and  ambitious  programme  was  in 
reality  perturbed  by  numerous  problems  leading  to 
several  difficult  re-scheduling  discussions.  Neverthe- 
less, a  total,  stable-beam,  data-taking  time  of  973 
hours  was  .ecorded  and  the  performance  figures 
quoted  above  were  actually  achieved  during  aeve.  el  of 
the  runs.  In  all,  the  experiment  received  3000  nb " 1  of 
integrated!  luminosity. 

With  the  closing  of  the  1ST  as  a  colliding  beam 
facility  at  the  crd  of  1983,  it  was  possible  to  remove 
elements  of  ring  1  to  leave  more  space  for  the  hydro- 
gen gas  target  of  the  1  mat  experiment  on  the  direct  for- 
mation of  chtrmonium  states  in  pp"  annihilation.  Ad- 
iitional  pumping  could  then  be  added  to  increase  the 
maximum  target  density  by  50%  and  this  modification 
together  with  the  installation  of  semiconductor  detec- 
tors inside  the  ISR  vacuum  chamber  were  completed 
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and  tested  in  time  for  the  r*rt  of  data  taking  in 
March.  The  target  assembly  and  special  ISR  vacuum 
installations  then  performed  excellently  throughout 
the  experiment  with  reconditioning  of  sublimation 
pumps  ocJy  necessary  at  the  Easter  stop.  The  monitor* 
ing  and  control  system  of  the  target  also  operated 
wdl,  makirg  a  vital  contribution  to  the  reliability  and 
safety  of  the  experiment. 

Transverse  stochastic  cooling  to  combat  beam 
blow-up  caused  by  multiple  scattering  in  the  gas  target 
was  applied  and  resulted  in  average  particle  loss  rates 
from  the  coasting  antiproton  beams  of  between  0.01 
and  0.013%  per  minute.  This  agreed  very  well  with  the 
theoretical  prediction  and  ensured  good  background 
conditions  for  the  experiment.  The  average  length  of 
a  run  was  more  than  80  hours,  the  longest  being 
1S7  hours  with  a  single  stored  antiproton  beam  and 
with  the  gas  jet  target  in  continuous  operation. 

In  order  to  determine  accurately  the  masses  and 
widths  of  the  charmonium  particle  resonances  under 
study,  the  antiproton  beam  momentum  was  scanned 
in  steps  of  a  few  MeV/c.  This  scanning  was  either  per- 
formed in  discrete  steps  or  in  a  continuou*  fashion 
using  the  longitudinal  stochastic  cooling  system.  The 
use  of  momentum  cooling  reduced  the  fractional  mo- 
mentum spread  (Ap/p)  of  the  coasuAg  antiproton 
beam  to  between  0.05  and  0.1%. 

The  very  last  ISR  beam  was  dumped  on  25  June 
at  06.00,  thus  bringing  to  a  definitive  end  the  glamo- 
rous career  of  a  unique  rnachine  which  will  still  hold 
the  distinction  for  many  years  to  come  of  being  the 
only  proton  -proton  and  proton-antiproton  collider 
in  the  world! 

During  the  second  part  of  1984,  the  ISR  was  dis- 
mantled in  order  to  make  a  number  of  its  components. 


and  ill  the  buildings  and  floor  space,  available  to  the 

LEP  project. 


CERN  Accelerator  School 

The  activities  of  the  CERN  Accelerator  School 
continued  to  build  up  during  the  year.  The  proceed- 
ings of  the  course  on  'Anliprotons  for  Colliding  Beam 
Facilities*  hive  been  assembled  for  puL -cation  in  De- 
cember 1964  (CERN  84-15)  and  form  a  comprehen- 
sive text  book.  The  first  'General  Accelerator  Physics' 
course  was  held  at  Orsay  and  attracted  over  200  appli- 
cations some  of  whkh  had  to  be  refused  for  space  rea- 
sons. In  conjunction  with  ECFA*  a  workshop  was  or- 
ganized at  Frascoti  on  the  *  Generation  of  High  Fields 
for  Particle  Acceleration  to  Very  High  Energies*.  This 
meeting  was  again  oversubscribed,  but  at  the  expense 
of  some  overcrowding  most  applicants  were  finally  ac- 
cepted. In  addition,  a  programme  of  10  seminars  on 
specialized  aspects  of  accelerator  physics  was  organ- 
izri.  Preparations  are  virtually  complete  for  a  course 
wi  'Non-linear  Dywunics*.  which  is  being  organized  in 
Sardinia  in  February  1985  in  collaboration  with  the 
American  Accelerator  School.  At  the  same  time  pre- 
parations are  well  under  way  for  an  'Advanced 
Accelerator  Physics*  course  to  be  held  in  Oxford  in 
September. 


Larse  Hadroa  Colltder  Study 

Several  members  of  the  Division  participate  in  the 
design  study  of  a  Large  Hadron  Collider  (LHC)  in  the 
LEP  tunnel.  With  a  dipole  field  of  10  T,  a  beam  ener- 
gy between  8  and  9  TeV  seems  feasible.  The  results  of 
the  first  round  of  these  studies  were  presented  at  the 
ICFA  meeting  in  Tokyo. 
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Technical  Services  and  Buildings  Division 


Introduction 

The  very  Urge  number  of  negotiated  departures 
(totalling  80)  between  1980  and  1983,  together  with  a 
few  regular  retirements  and  the  transfer  of  personnel 
to  other  Divisions,  has  made  it  possible,  while  adher- 
ing to  the  staff  ceiling  set  by  the  Direcorate-Gcneral, 
to  recruit  some  younger  staff.  This  has  helped  improve 
the  technical  <"ompetence  of  certain  teams,  stabilize 
the  average  a* ;  of  the  Division  and  improve  its  ability 
to  tackle  the  Division's  additional  workload  (civil 
engineering  for  LEP.  maintenance  and  operation  of 
the  site  and  mechanical  *    '  wing  and  related  work ). 

After  reaching  616,  ,  cat  est  number,  in  1974, 
stiff  numbers  have  now  stabilized  at  around  480, 
comparable  with  the  figure  for  1964;  however,  the 
Division's  workload  has  more  than  quadrupled  during 
the  same  period  through  the  considerable  extension  of 
the  sites  and  the  concomitant  increase  in  the  number 
of  buildings  and  general  technical  installations.  It  has 
been  possible  to  cope  with  this  tremendous  increase  as 
a  result  of  better  organization,  albeit  coupled  with  a 
reduction  in  -rate  of  maintenance  operations,  the 
acceptance  of  certain  risks  with  regard  to  the  reliabi- 
lity and  operational  security  of  installations  and, 
above  all,  the  farming  out  of  a  large  number  uf  main- 
tenance, service  and  minor  work  contracts. 

Some  operations  are  therefore  now  completely  in 
the  hand*  of  outside  firms,  including  cleaning,  on-site 
handling,  maintenance  and  minor  work  in  the  build- 
ings, and  maintenance  of  the  general  electromechani- 
cal installations.  About  450  employees  of  ou'side 
firms  are  now  working  permanently  on  the  site.  The 
figure  does  not  include  the  teams  responsible  for  new 
building  work,  which  vary  considerably  according  to 
the  extent  of  the  work  to  be  done.  It  is  probable  that 
in  a  few  years'  time,  when  the  building  of  LEP  is  com- 
pleted, the  number  of  contract  workers  will  be  roughly 
the  same  as  that  of  the  SB  Division's  own  staff. 

The  Division's  expenditure  (personnel  and  mate- 
rial) amounted  to  1 13.5  million  Swiss  francs,  broken 
down  under  the  following  main  headings: 

Number  or  Forecast 

pcopk  cxpetxUurc 

Construction  department               64  9.2 

Energy.  w«er                           -  48.2 
Site  maintenance,  ope  »• 

tion  and  cleaning                       191  29.9 

Central  Workshops                   151  14.3 

Transport,  equipment  handling        54  9  7 

Management  and  administration       20  2.2 


These  amounts  do  not  include  the  following  items 
charged  to  the  budgets  of  other  Divisions  but  which 
were  the  technical  and  financial  responsibility  of  the 
SB  Division: 

MPS 

New  work  (ACOL,...)  1.0 

LEP  construction: 
Underground  work  59.3 
Surface  buildings  8.1 
Work  done  by  the  SB/LE  Department 
for  other  LEP  Division  groups  6.3 


Alterations  to  existing  installations 
Central  Workshops:  jobs  put  out 
to  contract. 


73.7 
10.6 


4.1 


New  Works  and  Alterations 

The  three  groups  of  the  Division  responsible  for 
new  works  (Civil  Engineering,  Tr-hnical  Installations, 
Co-ordination)  have,  since  19*  formed  the  Civil 
Engineering  Department  SB/LE.  This  department's 
prime  task  is  to  complete  the  LEP  civil  engineering 
programme  (underground  works  in  the  plain,  includ- 
ing connections  with  the  SPS  Tunnel,  underground 
works  under  the  slopes  of  the  Jura,  surface  buildings 
at  the  eight  LEP  access  points,  the  Pre-injector  Build- 
ing) under  the  supervision  of  the  Director  of  the  LEP 
Project  and  in  dose  collaboration  with  the  various 
groups  of  the  LEP  Main  Ring  Division.  The  Depart- 
ment *s  available  manpower  has  resulted  in  it  being 
made  responsible  for  the  erection  of  the  other  build- 
ings on  the  Meyrin  Site  (Buildings  Z  and  0,  building 
for  the  ACOL  project). 

Although  its  staff  total  has  been  sharply  reduced 
through  the  many  transfers  to  the  LEP  Division,  the 
Technical  Installations  Group  also  provides  technical 
support  for  certain  parts  of  the  project  connected  with 
civil  engineering  (electricity,  ventUation,  air-condition- 
ing  and  pipework). 

Finally,  the  Co-ordination  Group  undertakes  a 
considerable  amount  of  work  for  the  planning  and 
financial  monitoring  of  the  various  operations  of  the 
Department's  Oil  Engineering  and  Technical  In- 
stillations Groups. 

The  staff  total  of  this  department  at  the  end  of 
the  year  was  64,  including  13  engineers  and  super- 
visory staff. 
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Figure  I—  The  worksite/ the  new  Reception  Buitdutg  No  XS  oat  the 
end  of  the  rev  (Photo  J  -L  Bold?) 


Dnifn  Studies  tad  drU  Engineering  Work 
for  the  LEP  Project 

The  work  for  the  LEP  programme  undertaken  by 
the  SB/LE  Department  is  described  in  detail  under  the 
sub-heading  Civil  Engineering  in  the  section  of  the 
report  dealing  with  the  LEP  Division. 


Merria  Site 

A  loan  of  slightly  under  ten  million  Swiss  francs 
granted  by  the  Swiss  Confederation  via  F1POI  (Fon- 
dation  des  Immeubles  pour  les  Organisations  Inter- 
nationales) has  enabled  a  start  to  be  made  on  erecting 
two  buildings:  Building  Z  or  32,  near  the  Administra- 
tion Building,  to  house  the  steadily  increasing  number 
of  physicists  from  outside  the  Organization;  and 
Building  0  or  33,  for  various  units  serving  visitors 
from  outside  (physicists,  contractors'  staff,  suppliers, 
pensioners,  journalists,  etc.)  The  detailed  design 
studies  for  these  two  build  in ,  have  been  completed, 
the  calls  tvr  tender  have  be  i  issued  and  the  main 
contracts  placed  (civil  engineering,  electrical  work, 
•piping,  heating,  ventilation  and  elevators).  The  civil 
engineering  work  on  Building  32  began  in  September 
and  on  Building  33  in  November.  Work  is  proceeding 
according  to  schedule. 

The  A  COL  project  has  made  considerable  altera- 
tions necessary  to  Hall  193  (the  antiproton  accumula- 
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Figure  2 -The  work  site  of  the  PhyociOs '  BvOdvy  No  not  the  end 
oftheytv  (Phou  )  <L.  Boidj) 


tor  hall),  including  civil  engineering  work  in  the  target 
area,  changes  to  the  electricity  supply  and  piping,  and 
the  construction  of  a  320  m3  hail  adjacent  to  Hall  193 
(civil  engineering).  The  design  studies  have  been 
drawn  up  and  the  calls  for  tender  prepared  for  the 
technical  installation  of  this  hall,  and  the  work  con* 
cerned  is  due  to  begin  in  1985. 

A  start  has  been  made  on  the  design  studies  and 
works  for  a  multi-purpose  surface  treatment  building 
located  near  the  existing  surface  treatment  shop  and 
the  effluent  treatment  station.  It  is  primarily  intended 
for  the  cleaning  of  LEP's  12  m  vacuum  chambers  and 
for  treating  superconducting  accelerating  cavities.  It 
will  also  permit  the  surface  treatment  of  large  items 
which,  with  the  old  installations,  was  only  possible 
using  temporary  rigs,  in  conditions  that  were  unac- 
ceptable from  the  safety  standpoint.  The  dimensions 
of  the  two-storey  building  will  be  25.5  x  13.5  m,  and  it 
will  house  all  the  equipment  (large  vats,  a  cleaning 
tunnel  for  vacuum  chambers,  etc.)  and  technical  in- 
stallations needed  for  the  work  to  be  performed  in  the 
greatest  safety  for  both  personnel  and  the  environ- 
ment. 


Prtmsfai  She 

The  draft  plan  and  the  detailed  design  studies 
have  been  drawn  up  and  calls  for  tender  have  been 
issued  for  a  4800  m  2  hall  intended  for  fitting  the  lead 
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shielding  to  and  testing  vacuum  chambers  for  the  LEP 
project.  Work  on  building  the  hall  will  start  at  the 
beginning  of  1985. 


Virions  AttertUoas  to  Baikliap 
sad  Tectorial  IssUlatioas 

The  extremely  heavy  increase  in  1983  ( +  30  V% )  in 
the  number  of  requests  from  other  Divisions  for  the 
fitting  out  of  buildings  and  work  on  technical  installa- 
tions continued  in  1984  (+  14  ft).  The  total  number 
of  requests,  including  those  from  within  the  SB  Divi- 
sion, rose  to  2850,  and  the  value  of  the  work  done 
reached  a  total  of  13. 1  million  Swiss  francs. 
This  increase  in  the  number  of  work  requests  is 
essentially  linked  to  the  large  number  of  transfers  of 
staff  between  Divisions  and  the  preparations  for  the 
LEP  experiments. 

The  most  extensive  work  included: 

-  the  erecion  of  a  300  m2  office  and  laboratory  build- 
ing for  'he  LEP  Division; 

-  the  erection  of  two  600  m2  office  and  laboratory 
buildings  to  house  the  personnel  of  the  PS  Divi- 
sion's ACOL  project; 

-  alterations  to  Hail  175.  which  is  to  house  the  com- 
ponents of  the  DELPHI  experiment; 

-  attentions  to  Building  173  (formerly  the  ICE  hall), 
which  is  to  become  the  LEP  pre-accdetMor  control 
room; 

-  the  fitting-out  of  Building  278.  which  is  to  house 
some  of  the  LEP  p re-accelerator  power  supplies; 

-  the  erection  of  a  400  m2  hall  for  storing  radioactive 
material  inside  the  PS  Ring; 

-  numerous  alterations  to  offices,  laboratories  and 
drawing  offices  in  Buildings  30.  112.  238  and  377 
for  personnel  of  the  LEP  Division; 

-  the  preparation  of  a  storage  area  on  th?  Meyrin  and 
Prevesan  Sites  for  bulky  components  of  the  LEP 
experiments  (ALEPH.  L3): 

-  numerous  alterations  in  Hall  867; 

-  a  minor  extension  to  Building  72  to  house  the  Cen- 
tral Workshops  Quality  Control  Section's  compu- 
ter-assisted co-ordinate  measuring  machine; 

-  the  demolition  of  the  magnet  supports  and  filling  in 
the  pits  in  two  octants  of  the  ISR  ring,  which  is 
being  concerted  into  a  testing  and  assembly  shop  for 
the  LEP  machine  components. 


Ma^Ientnce  tod  Operation 
Site  ntaliteaaace 

The  sums  used  for  maintenance  of  the  buildings 
and  grounds  were  Increased  to  slightly  more  than  the 
figures  for  1983.  and  amounted  to  1200000  SFr.  for 
servirns  and  450000 SFr.  for  major  overhaul  work. 

Tnese  sums,  which  had  bad  to  be  drastically 
reduced  in  1978  as  part  cf  the  stiict  economy  drive, 
are  still  clearly  inadequate  to  cover  the  maintenance 
of  over  520000  m2  of  building  ground-area  and 
350000  m2  of  roads,  car  parks  and  storage  areas, 
which  are  on  average  more  than  13  yeais  old. 

The  main  jobs  included  repairs  to  windows, 
waterproofing  of  roofs  and  the  partial  resurfacing  of 
sections  of  roadways  and  car  parks.  A  new  main 
storm  drain.  600  mm  in  diameter,  has  been  laid  in  ibe 
central  part  of  the  Meyrin  Site  in  order  to  re-balance 
the  systems  and  prevent  building  basements  from 
flooding  during  heavy  storms. 

Assessment  of  the  present  condition  of  the  build- 
ings hai  continued  and  should  be  completed  in  1983. 
Its  aim  is  to  allow  maintenance  of  the  buildings  to  be 
computerized  and  to  draw  up  a  realistic  maintenance 
programme  for  the  future. 

Work  on  improving  road  signs  and  the  flow  of 
traffic  has  continued,  as  well  as  the  day-to-day  main- 
tenance programme  for  open  speces  and  green  areas. 


Cleaning 

A  call  for  tenders  for  the  renewal  of  the  cleaning 
contracts  on  both  sites  has  been  issued,  and  a  new 
contractor  will  be  starting  work  in  1965. 

Ir  this  field,  optimum  frequency  has  been 
reached  in  the  cleaning  of  offices,  laboratories,  work- 
shops and  halls,  and  any  further  savings  would  be 
difficult  to  envisage. 


Tec  okal  maiateaaace 

Technical  installations  were  serviced  according  to 
schedule,  with  no  major  incidents. 

The  policy  of  reducing  preventive  maintenance  in 
favour  of  keeping  equipment  in  working  order  was 
continued. 

Owing  to  operation  in  the  pp  mode,  sever:!  items 
of  equipment  were  subjected  to  stresses  that  were  as 
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Fl&m  3 -General  overhaul  oj  the  02  back-up  these!  ttntntor  e/ler 
50.000 hounoj  operation  (CERN-241  04  1972) 


high  as  the  limits  of  their  design  capacity  permitted, 
resulting  m  particularly  difficult  operating  conditions, 
for  theSPS  cooling  water  distribution  system  for  mst* 
ance. 

A  special  effort  has  been  made  to  control  the  va- 
rious coohng  water  discharge  systems  to  keep  within 
the  limits  laid  down  in  the  Host  Countries'  regula- 
tions. 


Special  work  or  maintenance  operations  included: 

-  the  replacement  of  the  power  equipment  in  the  five 
pumps  at  Pumping  Station  2; 

-  improvement  and  modernization  of  several  over- 
head travelling  cranes,  especially  PR1 16  in  Building 
181; 

-  work  in  conjunction  with  the  DD  Lrivision  on  the 
installation  of  the  new  Siemens  7890; 

-  general  overhaul  of  a  generator  set  at  the  Meyrin 
sub-station,  which  had  completed  50000  hours  of 
operation; 

-  construction  of  the  heating  sub-station  for  LEP, 
Point  1; 

-  improvements  to  the  Booster  air-conditioning  in- 
stallation; 

-  cleaning  the  CERN  water  supply  pipes  from  Peney 
and  the  lake. 

The  Division  also  undertook  responsibility  for 
and  modification  of  the  1SR  area  equipment,  pre- 
viously under  the  charge  of  the  1SR  Division,  and  took 
over  responsibility  for  the  organization  and  mainte- 
nance of  CERN's  gas  detectors. 

Energy -saving  efforts  continued,  tin  main  accent 
being  on: 

-  rationalization  of  the  lighting  in  Hall  180; 

-  alterations  to  the  heating  system  in  Building  2; 

-  introduction  of  a  monitoring  and  control  system  for 
the  present  heating  and  air-conditioning  installa- 
tions in  an  initial  group  of  buildings; 


Annual  variation  m  power,  water,  and  fuel  oil  consumption  from  1978  to  1984 


197$ 

1979 

1990 

1931 

1982 

1983 

1984 

MEYRIN  SITE 

Active  power  consumption  (M  Wh) 

-  end  supply 

-  stand  by  generators 

361930 
22194 

306904 
2227$ 

323713 
2  595 

^95291 
2030 

293 137 
2035 

297258 
3620 

205227 
1215 

Total 

Maximum  instantancoui  power  (kW) 

Coottnt  water  ( 1 000  m ') 

Drinking  waler  (m') 

Heavy  tnd  tight  fuel  oil  (metric  tons) 

Cti(m') 

384 124 
77400 
7114 

20*315 
13162 
26723 

3291 $2 
71000 
6S08 
59276 
13334 
31733 

326  303 
69500 

3964 
43967 

8193 
23131 

297321 
60000 

3494 
4088» 

7493 
244*6 

295922 
61000 

6)23 
43201 

6376 
24548 

300878 
64000 

7047 
26539 

7092 
25343 

206442 
38000 

7328 
45001 

7112 

227a 

PRtVESSIH  SITE 

Electricity  (controlled  by  SPS  Division) 

-  Active  power  consumption  (MWh) 

-  Peak  power  (kW) 

-  Average  power  (over  i0min)(kW) 
Cool  ing  water  ( ) 000  m1) 

Heavy  fuel  oil  (men*  tons) 

1973 

1979 

1*30 

1981 

1982 

1983 

1984 

303556 
246000 
73000 
It  989 
Ittl 

1 

illii 

221966 
1922*0 
SO  SCO 
8  554 
1 243 

232)46 
177603 
$3000 
10662 
1348 

357988 
187177 
82000 
13760 
1278 

369037 
236403 
88200 
13788 
1348 

424106 
206530 
76570 
15115 
1014 
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r^urt  4—M*Mu*t  of  TPC  components  for  DELPHI  usUg  a 
mw*crk*lfyco*trotkdmdlmtmmthU*  (CERN-18705  1964) 


-  heat  recovery  fr  m  the  condensers  of  the  cooling 
units  in  Buildup  10. 
A  start  was  made  this  year  on  the  projected  earth- 
ing of  the  18  kV  power  system  on  the  Meyrin  site, 
while  the  system  for  computerizing  the  maintenance  of 
the  equipment  under  the  Group's  responsibility  be- 
came operational. 


Central  Workshops 

The  Central  Workshops  Group  made  an  active 
and  often  unique  contribution  to  a  large  number  of 
projects,  both  for  the  Machine  Divisions  and  the  va- 
rious experimental  groups. 

Several  major  items  of  equipment  were  added 
during  the  year  to  the  Group's  machine  park  (an  in- 
stallation for  immersed  ultrasonic  testing  of  compo- 
nents 4  m  long  and  a  computer-assisted  co-ordinate 


measuring  machine).  In  addition,  the  work  site  for 
the  new  Multi-purpose  Surface  Treatment  Shop  was 
opened.  This  shop  will  be  fitted  with  a  25  m  machine 
for  the  chemical  cleaning  of  the  LEP  vacuum  cham- 
bers, which  was  designed  and  built  by  the  Group. 


Mechanical  Eagineeriag  Sectioa 

This  section  made  vacuum  tanks  and  electrodes 
for  the  LEP  and  SPS  Divisions,  tanks  for  cryostats  for 
the  LEP  superconducting  cavities  (EF  Division),  an 
evaporator  tank  (EP  Division),  prototypes  for  various 
TPC/DELPHI  experimental  groups  (EF  Division),  a 
stack-core  cooling  pick-up,  and  fast  kicker  magnets 
(PS  Division).  One  interesting  activity  was  the  manu- 
facture of  the  components  for  a  lithium  lens. 

The  mechanical  engineering  Titters  assisted  in 
work  on  the  DELPHI,  WA79  and  NA31  experiments, 
in  particular. 

A  special  milling  machine  had  to  be  built  to  dress 
the  aluminium  welds  of  the  14-metre-diameter  coil  for 
experiment  L3. 


Sbeet-Metatwork/WeWing  Section 

The  main  jobs  done  by  this  section  included: 
LEP  Project:  A  prototype  electrode  4  m  long, 
consisting  of  two  longitudinally  welded  half-sections 
of  2.5  mm  gauge  stainless  steel,  without  any  deforma- 
tion or  warping,  was  made  for  the  electrostatic  sep- 
arator. A  complex  system  of  ribs  between  these  two 
half-sections  keeps  the  assembly  rigid  and  permits  the 
welding  of  the  many  baffles  which  channel  the  internal 
cooling  fluid. 

AA  Project  (improvement):  An  external  vacuum 
tank,  700  mm  long  and  of  circular  cross-section,  of 
2  mm  gauge  stainless  steel,  manufactured  to  very 
close  tolerances,  was  built  for  stack-core  cooling  at 
4.8  GHz.  Inside,  this  tank  is  fitted  with  an  octagonal 
shielding  system  ending  in  truncated  pyramids  with  an 
octagonal  base.  The  specified  tolerances  ensure  that 
the  shielding  can  be  slid  inside  the  tank  without  play; 
the  work  demanded  technical  skills  of  a  very  high 
standard. 

LEAR  Project  (improvement):  This  project  re- 
quired the  construction  of  magnetic  shielding  consist- 
ing of  interwoven  stainless  steel  wires  (0.5  and  1  mm  in 
diameter)  forming  a  truncated  conical  structure  with  a 
curved  rather  than  a  straight  generatrix. 
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TWnSbeet-Mrtarwocfc  Section 

This  section's  resources  were  widely  used  for  the 
manufacture  of  superconducting  cavities,  either  of  ni- 
obium or  of  copper,  these  last  to  be  subsequently  coat* 
ed  with  niobium  by  sputtering. 

Niobium  cavities:  Electron-beam  welding  was 
used  to  make  two  single-cell  352  MHz  cavities  and  one 
four-cell  352  MHz  cavity. 

Copper  cavities:  One  four-cell  352  MHz  cavity 
was  built,  3  mm  thick  and  755  mm  in  diameter,  mak- 
ing an  assembly  2.4  m  long.  TIG  welding  was  used  in 
its  assembly.  Two  electron-beam  welded,  single-cell 
500  MHz  cavities,  made  of  high  conductivity  copper, 
were  also  built. 

In  addition  to  the  copper  cavities,  the  Section 
built  a  four-cell  352  MHz,  steel  cavity  by  spinning  and 
TIG  welding.  This  cavity  is  intended  for  examining  the 
niobium  film  on  copper  samples  that  may  be  placed  at 
various  points  inside  it  in  order  to  determine  the  ideal 
shape  for  the  niobium  cathode  used  in  sputtering.  Nio- 
bium cathodes  and  screens  were  built  for  the  same 
purpose. 

Work  was  also  done  on  the  manufacture  of  de- 
flectors of  1  mm  gauge  titanium  sheet  for  GSI 
(Darmstadt)  septa  and  for  the  LEAR  Project  (25 
identical  components),  titanium  screens  for  the  SPS 
Division  and  copper  collars  for  ceramics  brazing  in  the 
SPS/LEP  accelerating  cavities. 

An  evaporation  tank  was  also  manufactured  for 
use  in  thin-film  work  tn  the  Group. 


Special  Techniques  Section 

This  section  has  several  workshops  and  labora- 
tories. 

The  Mechanical  Engineering  Support  Workshop 
performed  a  great  deal  of  machining,  often  requiring 
a  high  degree  of  precision  and  the  use  of  several  tech- 
niques. The  main  jobs  included  the  construction  and 
assembly  of  several  beam  monitors  (SEM-gnds)  for 
LEP,  LEAR  and  the  Linac,  the  building  of  thin- 
walled  (0.4  ±  0.02  mm),  light-alloy  cylindrical  cham- 
bers, the  manufacture  of  570- pin  pwii'neameter  con- 
nectors (LEP),  special  windings  for  nagnetic  Held 
measurements  (PS),  and  a  vacuum  chamber  and 
miscellaneous  tooling  (LEP)  for  the  Group's  Thin- 
Film  Workshop. 

The  Vacuum-coating  Laboratory  provided  a  large 
number  of  coatings,  generally  metallic  (aluminium, 
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titanium,  chromium,  etc.)  on  a  variety  of  substrates 
(mylar,  glass,  alumina,  quartz,  optical  fibres,  etc.).  It 
is  worth  noting  the  high  reflective  quality  (80%  at 
160  nm)  obtained  by  evaporation  during  the  manufac- 
ture of  prototype  mirrors  for  the  DELPHI  experi- 
ment. To  improve  the  quality  of  the  mirrors,  the 
Laboratory  has  been  examining  plans  for  a  re  Hec- 
tometer for  monitoring  reflectivity  in  the  ultra-violet 
and  visible  spectrum.  A  new  six-cathode  sputtering 
machine  has  been  made  for  the  surface  doping  of 
ceramics  used  in  the  r.f.  cavities  (LEP).  A  start  has 
been  made  on  the  manufacture  of  mirrors  by  replica- 
tion; preliminary  tests  have  shown  that  prospects  for 
series  production  of  mirrors  (DELPHI)  are  promising. 

The  Plastic  Scintillator  Workshop  has  made 
hodoscopes  (UA6),  various  types  of  prototype  scintil- 
lation counters  (UA2,  OPAL,  DELPHI,  SPS),  and 
calorimeter  components  (UAI,  DELPHI,  WA70). 
Plastic  optical  fibres  are  becoming  more  and  more 
widespread,  and  the  Workshop  has  developed  small 
toots  suitable  for  this  new  kind  of  work.  Methods  of 
optical  measurement  have  been  developed  for  examin- 
ing problems  involved  in  connecting  fibres.  Several 
workshops  contributed  towards  the  construction  of 
the  first  scintillating-fibre  calorimeter. 

The  Polymer  Workshop's  activities  were  consi- 
derable and  highly  varied.  The  main  jobs  concerned 
the  manufacture  of  elastomcr-sUicone  seals  for  vacu- 
um tanks  (LEP,  L3),  the  assembly  of  lead-glass  blocks 
(OPAL),  the  manufacture  of  mouldings  (connectors, 
collectors,  spark  gaps,  optical  seals)  (LEP,  PS,  SPS), 
the  manufacture  of  polyurethane  components  (EP, 
SPS,  LEP),  the  production  of  coatings  (PS),  and  va- 
rious types  of  vacuum  impregnation  (SPS,  PS). 

The  associated  techniques  of  scanning  electron 
microscopy  and  X-ray  spectroscopy  were  used  in  the 
examination  of  niobium  surfaces  on  a  number  of  sam- 
ples as  part  of  design  studies  for  the  r.  f.  superconduct- 
ing cavities  (EF),  in  the  investigation  of  Assuring  phe- 
nomena in  lithium  targets  (SPS),  in  the  detection  of 
traces  of  asbestos  in  electric  cable  sheaths  (TIS),  in  the 
examination  of  the  diffusion  of  lead  in  lead/tin  coat- 
ings (LEP),  and  m  the  analysis  of  numerous  cases  of 
corrosion  and  tbe  contamination  of  detector  compo- 
nents by  inorganic  compounds. 


Surface  Treatment  Section 

As  in  previous  years,  the  range  of  chemical  or 
electrolytic  treatments  was  very  wide.  It  included: 
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-  the  chemical  polishing  of  niobium  r.f.  cavities  (350 
and  500  MHz  cavities,  in  the  form  of  both  element- 
ary half-edit  and  assembled  single  and  four-cell 
cavities); 

-  the  treatment  of  copper  r.f.  cavities  to  be  coated 
with  niobium; 

-  various  selective  electrolytic  deposits  on  compo- 
nents of  the  lithium  lens  (anti  proton  source); 

-  the  silver-plating  of  ceramic  feed-throughs  in  the 
200  MHzSWC  CStanding-Waves  Cavity*)  (SPS); 

-  the  application  of  100  jun  copper  coatings  to  two 
r.f.  cavities  (LIL); 

-  treatments  made  to  three  accelerating  and  storage 
cavities  (LEP  Division); 

•  the  mechanical  poUshing  of  ZS  vacuum  tanks  and 
of  titanium  and  aluminium-alloy  electrodes  (SPS 
Divisbn); 

-  the  mechanical  polishing  of  a  prototype  ZD  vacuum 
tank  and  of  stainless  sted  electrodes  (LEP  Divi- 
sion). 

Prlated-OrcmH  Board  Section 

The  steady  demand  from  users  of  conventional 
printed  circuits  has  continued.  During  the  year,  there 
was  a  marked  increase  in  requests  for  multilayer  cir- 
cuits, and  the  section  made  more  than  three  different 
types  every  week.  Their  complexity  and  definition  (the 
width  of  the  conductor  tracks)  are  also  increasing.  It  is 
not  unusual  to  have  to  make  six  or  eight-layer  circuits 
with  holes  0.4  mm  in  diameter,  and  circuits  with  flex* 
ible  links  (flexo-rigid  circuits).  The  average  delivery 
time  for  such  circuits  has  been  eight  working  days. 

It  is  becoming  general  practice  to  apply  solder 
masks  to  these  circuits. 

The  new  installations  commissioned  during 
the  year  (silk-screen  printing  in  a  dean  room  under  a 
laminar- flux  hood)  have  facilitated  the  successful  pro- 
duction of  prototype  hybrid  circuits  for  vrriicrc  -strip 
detectors  (EF  Division). 


Chemical  Laboratory  Section 

This  laboratory  performed  a  large  number  of 
tests  during  the  year  as  part  of  a  study  of  corrosion 
phenomena  in  cooling  circuits  of  septum  magnets  (PS 
Division),  quadrupole  magnets  (LEP  Division),  alumi- 
nium coils  (experiment  L3),  and  heat  exchangers  (PS 
Division  and  pilot  greenhouse). 


An  investigation  was  made  into  the  reasons  for 
surface  irregularity  in  niobium  superconducting  cavi- 
ties after  chemical  polishing,  a  spray  diff user  for  elec- 
trolytic polishing  solutions  was  made  (localized  pol- 
ishing), and  localized  treatments  were  performed  on 
500  MHz  cavities  using  a  solution  specially  developed 
to  prevent  chemical  attack. 

Work  in  the  field  of  chemical  mkro-machining 
included  the  photo-engraving  on  aluminium-coated 
silicon  substrates  of  patterns  5  pm  wide  and  the  pro- 
duction of  lead  grids  consisting  of  24  /on  wires  for  de- 
tectors. Other  planned  types  of  detector  required  the 
tinning  of  ball  bearings  I  mm  in  diameter  (EP  Divi- 
sion). 


Heat  Treatment  Section 

This  section  produced  some  fine  work  for  the  va- 
rious current  projects  and  experiments,  including: 

-  coaxial  feed-throughs  for  the  power  supply  to  the 
HR-SMH  septum  magnets  operating  in  an  ultra- 
high vacuum,  the  corresponding  septa,  and  the  braz- 
ing of  couplers,  stainless  steel  sleeves  for  the  con- 
nections of  the  cavity  cooling  cylinders  and  wave- 
guides (LIL-EPA); 

-  the  manufacture  of  ceramic  feed-throughs  on  power 
inputs  of  200  MHz  storage  cavities  (SPS); 

-  trdinfr**  »frittfiTK»>  to  various  fums  in  making 
brazed  connections  to  storage  and  accelerating  <mvi- 
ties,  the  brazing  of  piston  tuners  and  copper/alu- 
minium oxide/copper  brazings  for  100  kW  coaxial 
feed-throughs  (LEP); 

•  a  large  number  of  brazed  connections  on  stainless 
steel/ niobium  components  and  niobium/aluminium 
oxide/niobium  coaxial  connections  for  super- 
conducting cavities,  some  of  them  for  the  Kern- 
forschungsanlage  project,  Jfilich,  and  the  assembly 
of  p«  ototype  coaxial  feed-throughs  for  the 
TEXTOR  project  (EF). 
The  section  was  also  involved  in  various  other 

types  of  work  with  ACOL,  LIL,  etc. 


Qrattty  Control  Seetioa 

About  an  equal  number  of  working  hours  was 
allocated  to  metallurgical  studies  and  metrology.  The 
former  included  work  aimed  at  preventing  premature 
failures  of  the  LEP  damping  loop  bellows,  work  on 
the  antiproton  source,  inspection  of  the  electron  beam 
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fUw  S- Inspection  of  a  wwi  rtenftrr  at  the  QuetUy  Control 
Section  ustnf  the  compvter-asstMed  measuring  device  Inspection  tin* 
wtt  reduced  ft/  60%  with  respect  to  memial  operation  end  included 
the  writing  of  e  programme  /or  this  tingle  component.  (Photo 
C  Boudine* 


welds  of  the  aluminium  coil  in  experiment  L3, 
examination  of  the  stainless  steel  for  the  ACOL  ->ro- 
ject.  and  various  inspections  of  components  for  the 
LEP  project. 

One  of  the  section's  noteworthy  acquisitions  is  a 
semi-automatic  device  for  detecting  internal  faults, 
using  immersed  ultrasonic  testing  on  components  of 
any  shape  up  to  a  volume  of  4000  x  800  x  600  mm. 

In  metrology,  work  was  done  in  particular  on 
items  for  the  LEP  project  (pick-up  blocks,  vacuum 
chambers  and  magnet  laminations),  and  also  on  the 
vacuum  chamber  of  experiment  NA31  and  various 
components  for  the  ACOL  project. 

A  high  caparity  (10V)  x  900  x  600  mm)  computer- 
assisted  co-ordinate  measuring  machine  was  commis- 
sioned this  year,  greatly  reducing  operating  times  (by 
20  to  80  %  depending  on  the  components  concerned). 
The  time  taken  to  inspect  magnet  laminations,  for 
instance,  has  been  cut  from  five  days  to  one  (after 
writing  the  programme). 

Services  and  Projects 

The  many  design  studies  undertaken  by  the 
Group's  Design  Office  included  the  development  of  a 
vertically  and  horizontally  adjustable  attachment  sys- 
tem for  the  HPC  (High-density  Projecting  Chamber) 
modules  and  the  tooling  needed  to  fit  them  in  circular 
array  inside  the  vacuum  tank  for  the  DELPHI  experi- 
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ment;  the  building  of  a  weld-bead  milling  machine  for 
the  coil  of  experiment  L3,  the  manufacture  of  a  guil- 
lotine for  detaching  the  weld-poo!  support  bars,  and 
an  elevating  table  for  the  lower  vacuum  chamber  of 
the  electron-beam  welding  machine. 

For  the  PS  Division,  two  r.f.  cavities  were 
designed  and  built  for  the  ACOL  and  EPA  projects. 

All  the  sections  of  the  Group  have  made  use  of 
the  services  of  this  dynamic  team.  Thus,  the  Sheet- 
Metalwcrk/Welding  Section  obtained  a  precision  XY 
table  wiih  built-in  turntable  (modification  to  the  small 
electron  beam-welding  chamber). 

The  Multi-purpose  Surface  Treatment  Shop,  now 
being  bu  t,  will  be  fitted  with  a  machine  25  m  long  for 
cleaning  the  LEP  vacuum  chambers,  entirely  designed 
by  this  office.  Likewise,  the  6  ra  long  furnace  salvaged 
from  the  ISR  Cleaning  Shop,  with  its  door-opening 
system  considerably  modified,  will  be  installed  in  this 
new  workshop.  Finally,  a  new  installation  for  silk- 
screen  printing  in  a  dean  room  has  been  developed  for 
the  Pnnted  Circuit  Board  Section. 


Sob-Contracting  Section 

Work  in  many  technical  fields  was  required  of 
this  section,  including: 

-  Surface  treatments:  Special  coatings  for  LEP  cavi- 
ties and  chambers,  for  which  a  large  number  of  con- 
tracts have  had  to  be  prepared; 

-  Mechanical  engineering:  for  Experiment  NA31,  for 
which  very  targe  convex  bases  (3  m  in  diameter)  and 
a  helium  tank  27  m  long  and  3  m  in  diameter  have 
been  built,  while  180  printed  circuits  7500  mm  long 
and  1250  mm  wide  have  been  machined  and  drilled; 

-  ACOL :  Manufacture  of  large  cavity  components; 

-  Experiment  L3:  Machining  of  large  coil  compo- 
nents; 

-  AA  project:  A  great  deal  of  work  with  short  dead- 
lines for  the  high-precision  mechanical  assemblies, 
including  the  manufacture  of  seven  vacuum  tanks; 

-  DELPHI:  Manufacture  of  special  connectors; 

"  Multi-purpose  Surface  Treatment  Shop:  Construc- 
tion of  a  machine  for  cleaning  the  LEP  vacuum 
chamber; 

-  Pnnted  circuits :  Placing  of  new  contracts,  including 
one  in  Greece  (the  first  contract  for  this  country); 
Numerous  very  large  multi-layer  pnnted  circuits 
have  bee*  •  produced  for  all  the  current  projects. 


ERLC 


729 


fifure  6  -  HvuBiitt  of  the  shielding  bhda  for  UL  ouuUe  the  mxnify 
combined  &uML*t  S&2  (Photo  J.-L.  Betdy) 


Transport  tad  Equipment  Hicdttng 


At  the  end  of  the  year  the  vehicle  fleet  numbered 
804,  including  426  passenger  cars,  101  utility  vehicles, 
23  lorries,  13  tractors,  28  trailers,  81  fork-lift  trucks,  2 
cranes,  13  cross-country  vehicles,  12  items  of  civil  en- 
gineering plant,  54  horticultural  machines  and  51  ma- 
chines of  various  kinds  ror  the  Cleaning  Section  and 
the  Fire  Brigade. 

The  distance  covered  inside  the  Organization's 
grounds  and  in  Europe  by  all  the  registered  vehicles 
has  reached  the  impressive  figure  of  3 178000  km 

The  vehicle  fleet  also  includes  319  mopeds  and 
346  machines  specifically  designed  for  handling  equip- 
ment in  the  accelerator  tunnels  (tractors,  trailers, 
bogies,  etc.). 

Discussions  are  being  held  with  the  LEP  Division 
installation  groups  and  the  experimental  groups  with 
the  aim  of  making  the  fullest  possible  use  of  the  exist- 
ing fleet,  supplementing  it  by  specific  purchases  of 
machines  for  the  transport,  handling  and  installation 
of  the  various  components  of  the  LEP  machine  and  its 
experiments. 

Whilst  the  entire  fleet  of  vehicles  and  plant  is 
maintained  by  the  garage  workshops  of  the  Transport 
and  Equipment  Handling  Group,  tome  of  the  routine 
work  is  earned  out  under  a  servicing  contract. 


The  Group  provides  transport  for  official  meet* 
ings  at  CERN,  conferences,  visits  and  journeys  off  the 
sites;  moves  equipment  over  long  and  short  distances 
on  the  sites  or  elsewhere;  operates  general  services 
(refuse  collection,  the  large  number  of  removals  result- 
ing from  staff  transfers  to  the  LEP  Division,  etc.); 
and  moves  all  the  equipment  needed  in  all  the  assem- 
bly and  experimental  halls  and  in  the  machine  tunnels. 

Special  activities  included : 

-  the  transport  of  equipment  and  assistance  in  the 
assembly  work  for  the  exhibitions  in  Vienna, 
Munich,  London  and  Helsinki; 

-  the  c  rganization  of  transport  for  the  1984  Open  Day 
and  t  ie  30th  Anniversary  of  the  Organization; 

-  the  transport  of  the  LEP  ore-injector  structures  and 
accelerating  sections  from  CERN  to  Munich  and 
Paris  and  back  to  CERN; 

-  equipment  handling  during  the  machine  shutdowns 
in  January  and  February,  and  ato  throughout  the 

,  year,  as  scheduled; 

*  -  the  dismantling  of  the  ISR  ring,  t  nd  the  beginning 
of  dismantling  work  on  the  BEtfC  and  the  neutrino 
experiment; 

-  the  start  of  installation  work  on  the  LEP  pre- 
injector. 
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Introduction 

The  demand  for  the  various  services  of  the 
Documentation  Department  was  sustained  at  the 
record  levels  of  the  previous  year.  It  looks  as  if  the 
consequence-,  of  the  vitality  of  the  physics  pro- 
gramme, of  the  progress  of  LEP  construction  and  of 
the  increased  number  of  CERN  Users,  have  estab- 
lished a  new  regime  for  the  Laboratory  infra-struc- 
ture. In  some  areas  of  work,  reorganization  and  the 
adoption  of  more  modern  technology  have  made  it 
possible  to  absorb  most  of  the  50%  increase  of  the 
past  two  years.  In  others,  however,  the  increased 
demand  cannot  be  satisfied  due  to  limited  resources. 

In  addition  to  the  bulk  of  routine  work,  the 
Department  had  many  interesting  tasks  to  accomplish 
during  the  year.  For  example  the  events  to  mark  the 
30th  Anniversary  required  special  efforts  from  almost 
all  Sections.  The  Department  was  responsible  for  an 
exhibition  of  historical  documents,  for  the  anniversary 
brochure  and  concert  programme,  and  for  the  audio- 
visual equipment  at  the  anniversary  Jtremony  itself.  It 
involved  fascinating  literature  searches  in  the  library 
and  archives,  imaginative  work  from  the  exhibition 
team,  and  brochure  design  and  production  of  high 
quality. 

There  was  good  progress  in  the  development  nf 
the  office  automation  system,  NOT1S,  where  the 
Department  has  worked  in  close  collaboration  with 
Norsk  Data  to  mutual  benefit.  Thr  number  of  users 
on  the  system  doubled  in  the  course  of  the  year  and 
communications,  both  between  these  users  and  to 
others  on  the  site,  continued  to  improve.  The  system  is 
having  an  impact  on  administrative  efficiency  and 
working  methods. 


The  Work  of  the  Sections 

The  strain  of  the  increase  in  demand  for  services 
was  particularly  felt  in  the  printshop  where  users 
understandably  apply  a  lot  of  pressure  to  have  their 
.  work  produced  quickly.  It  was  necessary  :o  introduce 
a  second  high-speed  photocopier  during  the  year;  this 
machine  has  automatic  stapling  which  relieves,  a  little, 
the  assembly  side  of  the  printshop  operations  that  has 
become  the  bottleneck.  A  study  has  been  made  of 
equipment  which  could  substantially  increase  the  ca- 
pacity of  the  assembly  line.  In  view  of  the  higher 
volume  of  work  and  of  the  anticipated  increases  in 


Flgurt  t  •Dttrbtg  I9$4  U*  2Sth  mmiwmy  of  tht  mmI  otHm  if 
CERN  exuetru  ctiibrfd.  A  Mf*ci*1  progrmumt  of  co*c*U  war 
cmnttd  for  this  rttnl  with  gmtrota  support  from  tkt  httmbtr  Stmt, 
TV  conetrt  trodutrt,  which  W  (hit  photograph  on  to  cowf.  \m 
d*&t^  <^  Prvd^  &  l>*  DcKumtnmk".  EXpwnmtnl. 


paper  costs  (up  25%  in  1985),  alternative  ways  of 
financing  and  operating  the  printshop  are  being 
studied. 

There  are  now  some  sixty  terminals  on  the  Norsk 
Data  office  automation  system.  NOTTS,  with  linked 
computers  serving  the  DO  Services,  PS,  TIS,  PE  and 
DOC.  Communication  between  all  these  sectors  is 
now  very  easy  and  the  Index  and  CERNET  links  to 
others  systems  on  the  site  have  been  strengthened. 
There  has  been  race  emphasis  on  introducing  new 
abilities  in  addition  to  those  of  word  processing  and 
communication,  such  as  access  to  small  data-bases,  a 
spread-sheet  and  business  graphics.  There  has  also 
been  effort  to  implement  links  to  office  automation 
systems  of  other  manufacturers,  CERN  has  continued 
to  collaborate  with  other  NOT1S  users  on  the  defini- 
tion of,  and  response  to,  office  automation  needs  via 
the  user  group  NOCUS.  A  faster  and  more  versatile 
phototype-setter  was  commissioned  during  the  year 
andanewversioncf  the  NORTEXT  phototype-setting 
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software  with  addition*!  features,  such  as  the  ability 
to  produce  soft-copy  on  *  cheap  graphics  terminal,  is 
being  evaluated. 

In  the  Library  the  cataloguing  module  of  the  au- 
tomation system,  using  the  ISIS  software,  became  ful- 
ly operational.  Over  8000  entries  were  added  to  the 
preprint  data-base  and  the  book  data-base  grew  to 
6600  entries  with  retrospective  cataloguing  back  to 
1980  and  cataloguing  of  most  of  the  books  which  are 
borrowed.  The  periodicals  data-base  contains  titles 
and  budget  information  on  all  the  periodicals  in  the 
Library.  CERN  publications  have  been  in  very  high 
demand,  particularly  those  relating  to  the  W  and  Z 
discoveries,  and  the  number  of  reprints  distributed  by 
the  Publications  Exchange  Section  has  increased  con- 
siderably. 

The  Study  Team  for  CERN  History  issued  a  do- 
zen reports  during  the  year  covering  the  period  up  to 
the  ratification  of  the  Convention  in  September  1954. 
A  very  successful  seminar  on  this  period,  organized  by 
the  CERN  History  Advisory  Committee  and  the  Study 
Team,  was  held  on  the  occasion  of  the  30lh  Anniver- 
sary celebrations  with  the  participation  of  a  number  of 
the  pioneers  of  CERN.  The  CERN  archivists  assem- 
bled historical  documents  for  an  exhibition  which  in- 
cluded the  original  CERN  Convention  and  some  In- 
struments of  Ratification,  kindly  loaned  by  UNESCO. 

The  volume  of  work  in  the  Translation  and  Minu- 
tes Section  remained  at  a  high  level,  driven  by  the  lar- 
ge number  of  meetings  which  had  to  be  serviced.  This 
involved  the  translation  of  discussion  documents  and 
minutes  into  French  and,  to  a  lesser  extent,  into 
English  and  German.  Many  contract  specifications, 
mainly  concerned  with  the  LEP  project,  and  other 
technical  and  administrative  documents  required 
translation  and  there  were  also  requests  for  transla- 
tions from  other  languages  such  as  Italian  and  Portu- 
guese. 

A  readership  survey  organized  for  the  CERN 
Courier  brought  a  high  (over  3000  replies)  and  very 


positive  response  with  some  95*  of  the  readers  who 
replied  to  the  Questionnaire  declaring  their  satisfaction 
with  the  journal.  The  4lma^es,  editions  of  the  Weekly 
Bulletin  appeared  a  record  number  of  times  during  the 
year  and  *  new  edition  of  the  visitors'  brochure 
'Presenting  CERN*  was  produced  in  French,  English, 
German  and  Italian.  Amongst  the  documents  edited 
by  the  Scientific  Reports  Section  were  the  1983  Annual 
Report,  the  LEP  Design  Report,  a  aeries  of  yellow 
reports,  many  preprints,  the  ALEPH  technical  report 
to  the  LEP  Committee  and  the  last  edition  of  the 
CERN  Users' Guide.  Theworkofthis  Section  is  greatly 
appreciated  by  the  CERN  scientific  community. 

The  CERN  Exhibition  visited  Germany  during 
1984  being  installed  for  five  weeks  at  the  prestigious 
Deutsches  Museum  in  Munich.  The  exhibition  was 
inaugurated  by  Dr.  Albert  Probst,  Parlamotarischer 
StaatssekreUr  fur  Forschung  und  Technologic.  It  at- 
tracted many  thousands  of  visitors  and  a  successful 
series  of  lectures  and  a  round-table  with  representa- 
tives of  German  Industry  were  organized  in  parallel. 
Apart  from  the  exhibition  in  Munich,  it  had  been 
hoped  to  concentrate  efforts  on  improving  presenta- 
tions on  the  CERN  site  itself.  Unfortunately  this 
proved  impossible  because  of  demands  for  participa- 
tion in  other  exhibitions  in  Tokyo,  Bergen,  Malmoc, 
Berlin,  London,  Leipzig.  BeUcgarde,  Oxford,  Genoa 
and  Vienna.  In  addition  the  Visual  Techniques  Section 
helped  in  many  aspects  of  the  30th  Anniversary  cele- 
brations. 

The  messenger  service  in  the  Mail  Office  w* 
transferred  to  service  contract  without  perturbation. 
The  techniques  used  in  the  Mail  Office,  particularly  in 
the  expedition  of  mail,  were  examined  to  search  for 
aspects  of  the  work  which  could  be  automated  so  as  to 
help  cope  with  the  greatly  increased  throughput.  The 
introduction  of  a  report  collator  has  made  a  signi- 
ficant saving  in  manhours  and  the  first  steps  have  been 
taken  to  achieve  addressing  of  envelopes  in  the  Mail 
Office  using  adlrcss  lists  held  on  computer  at  any 
location  on  the  CERN  site. 
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Introduction 

In  1984,  the  workload  of  the  Finance  Department 
reached  an  unprecedente1  level  owing  to  the  number 
and  complexity  of  the  matters  with  which  it  had  to 
deal.  This  increased  /olumc  of  activity,  which  affected 
every  service  in  the  Department,  was  largely  due  to  the 
construction  of  LEP.  However,  the  Department  had 
to  come  to  terms  with  new  situations  arising  from  in- 
creasing research  requirements,  in  particular  the  LEP 
experiments,  and  had  to  assume  these  new  responsi- 
bilities with  no  change  in  staff  numbers  and  with  a  re- 
duced budget.  It  is  clear  that  any  further  reduction 
will  inevitably  jeopardize  the  quz'ity  of  the  services 
provided,  especially  if,  as  seems  likely,  the  high  level 
of  activity  during  the  year  is  subsequently  maintained 
or  surpassed. 


Purchasing  Service 

Although  a  few  improvements  have  still  to  be 
made  in  certain  areas,  the  introduction  of  the  CO  PICS 
data-processing  equipment  into  the  Purchasing  Service 
is  now  virtually  complete.  Wider  application  of  the 
system  ensured  an  increasingly  efficient  use  of  the  data 
collected  in  the  commercial,  technical  and  financial 
fields  and  made  it  possible  to  deal  with  matters  more 
rapidly.  To  optimize  use  of  the  printers  and  to  ipeed 
up  the  publication  of  documents,  the  order  forms  have 
been  redrafted  in  both  English  and  French  to  avoid 
stoppages  due  to  the  change  of  language. 

In  1984,  in  view  of  the  construction  of  LEP  and 
the  development  o  experiments  which  have  to  be  or- 


ganized around  the  LEP  machine,  the  activities  of  the 
Purchasing  Service  reached  an  unprecedented  level 
both  in  terms  of  enquiries  to  potential  suppliers  in  the 
Member  States  and  of  the  number  of  administrative 
operations.  Without  any  reduction  of  its  day-to-day 
activities,  the  Service  issued  95  calls  for  tender  for  an 
amount  of  more  than  200  000  Swiss  francs,  or  an  aver- 
age of  one  call  for  tenders  every  three  working  days, 
compared  to  59  in  1983.  Price  enquiries  were  also 
issued  for  the  191 2  large  calls  for  tenders,  compared  to 
1709  in  1983.  The  number  of  contracts  concluded  in- 
creased from  65  in  1983  to  100  in  1984,  while  27  324 
orders  were  placed  and  S3  254  invoices  were  handled , 

During  the  past  year,  75  one-day  technical  and 
commercial  exhibitions  were  arranged  by  suppliers 
from  the  Member  States.  In  October,  an  exhibition  of 
British  industry  was  held  in  which  36  firms  took  part. 
In  parallel  with  this  exhibition,  the  exhibitors  organ- 
ized 1 1  technical  lectures  to  present  their  products. 

In  the  tight  of  the  rapid  technical  developments  in 
the  field  of  optical  fibres,  a  one-day  conference  was 
organized  to  consider  their  use,  attended  by  CERN 
users  and  representatives  from  12  firms.  This  highly 
successful  conference,  consisting  of  presentations  and 
discussions,  was  followed  by  an  exhibition  of  the  pro- 
ducts of  specialized  firms. 


Financial  and  Accounting  Services 

The  exchange  rates  between  various  currencies 
and  the  Swiss  franc  were  rather  erratic  dunng  1984 
due  to  the  considerable  increase  in  the  value  of  the  US 
dollar.  Table  1  shows  variations  at  certain  dates. 


Table  I — Rates  ofexehante 


FRF 
DEM 
ITL 
GBP 
ATS 
BEF 
DKK 
NOK 
SEK 
NLO 
CRD 
USD 


Ratt  Cf  it 

}  I  1934 


26  10 
79IJ 

01315 

3.15 
II  30 

3  91 
22  05 
2105 

27  21 

1  05 
220 

2  1S5 


♦  344 

♦  4  26 

♦  1.33 

♦  2  31 

♦  4  51 

♦  3  13 

♦  295 

♦  3  03 

♦  2  53 

♦  3S7 
-  2  73 
-0  57 


♦  2  6* 

♦  3  07 

♦  I  33 
-041 

♦  3  72 

♦  3.32 
»  1  f  I 

♦  3  39 
►  290 
»  2  ft 
-4  55 
»  2  75 


♦  4  41 

♦  4  12 

♦  3  23 

-  0  16 
»  5  51 

♦  5  37 
»  3  40 
»  4  10 
i  492 
»  464 

-  4,55 
i  6  51 


191994 
% 


»  402 

»  4  32 

»  209 

»  0  16 

►  4S7 

•  5  63 

•  3S5 

►  3  39 

•  65S 

•  3  SO 

•  5  45 

►  10  07 


Note  Tlx  varuiKxu  ut  »u  caJcuLutd  »cc<xdic|  to  ttx  nit  of  «duA|«  **  H  3  I  I9S4 


»  2S7 
»  3  19 
»  095 
■  3  65 

•  3  63 

•  409 

•  340 
►   I  07 

•  602 
2  SI 

•  909 
1396 


♦  307 

♦  3  14 

♦  I  71 

-  445 

♦  3  72 

♦  4S6 

♦  4  31 

♦  160 

♦  602 

♦  2  53 

-  909 
+  If  65 


15  43 
01391 
3.2455 

12  254 
4  2415 

23  47 

2971 

29  47 

75  67 

2  6030 


25  S5 

7910 
01)02 
2  9S47 

II  195 
3S639 

21.71 

2104 

27  1050 

70  30 

21025 
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Toe  19S4  budget  sustained  a  loss  of  purchasing 
power  of  some  2.5  million  Swiss  francs  following  the 
decision  of  the  Council,  in  December  1983,  to  grant  a 
2.51%  cost  variation  index  instead  of  2.88%.  Within 
this  total  figure,  the  Indexation  of  personnel  expendi- 
ture was  reduced  from  3.79%  to  3. 16%. 

The  cash  position  of  the  Organization  was  satis- 
factory duricj  tl*  :<ar  as  most  Member  States  paid 
their  contnbution*  earlier  than  in  1983. 

"5  he  «ies  of  interest  available  on  the  Swiss  money 
market  went  up  coring  the  second  half  of  the  year  due 
to  increased  rates  in  the  USA,  as  shown  in  the  Fig.  1. 
The  favourable  cash  position  and  the  higher  interest 
,*ates  available  on  the  Swiss  franc  and  other  currencies 
enabled  the  Organization  to  increase  considerably  the 
amount  received  «  shown  undi  'Income'  in  this 
report. 

As  shown  in  Table  2,  on  3i  *mbcr,  the  con- 
trillions  outstanding  amountcc  .o  25  MCHF  in- 
cluding a  balance  for  1983  from  two  Member  States, 

Table  2 —Contributions  outstanding  on  31. 12.1984 


UtmberStttts 

Swiss  fmr^s 

Gittc* 

tltly 

Sptm 

2-t30-6J9  96 
rojriw  St*' 
Jl-W  UJ  40 

Toul 

2  4' 966"  W  94 

*'  tttA  *»  c«/ly  IiMiary  1*SS 

In  December  1*83,  the  Council  approved  a  bud- 
get  of  701  07  million  Swiss  francs  for  1984. 

The  accounts  can  be  summarized  as  follows: 


Income 

Contributions  from 

Member  States 
Brought  forward  from 

previous  financial  years 
Interest 

Unused  provisions  ♦  miscel- 
laneous 
Compensatory  income 
Supplementary  income 


Budgets  Accounts 
(mtiltons  of  Swiss  f rota) 


693.84  693.84 


2.23 
500 


2.23 
11.85 

0.72 
8.23 

  4.70 

701  07     721  57 


•  Compensatory  income  used  to  cover 
expenditure  not  provided  for  in  the 
budget  (taxes,  services  rendered 

to  third  parties,  etc.  -8.05  less 
balance  of  heading  1 , 0.03) 

•  Supplementary  income  used  for  the  pp 
improvement  project  as  approved  by 
Council 

-  To  be  used  in  1985  and  later  for  the 
pp  improvement  project 

-  Carried  forwared  to  1985 


(MCHF) 


8.02 


4.70 


Expenditure 


7.60 
0.18 

20.50 

BudffU  Accounts 
(mttUons  of  Swiss  francs} 

701.07  713.79 


Excess  expenditure  amounted  to  12.72  MCHF 
(713.79  -  701.07)  and  was  covered  by  compensatory 
income  8.02  MCHF  +  4.70  MCHF  supplementary  in- 
come for  the  pp  improvement  project. 


V kiting  Teams 

The  number  of  visiting  teams'  accounts  increased 
to  350  in  1984.  On  31  December,  the  total  invoiced 
was  approximately  19  million  Swiss  francs. 


LEP  Experlmeats 

Consequent  on  the  advice  of  the  LEP  Experi- 
ments Committee,  CERN  accepted  proposals  from 
four  collaborations  to  provide  detectors  for  the  pur- 
pose of  undertaking  experiments  at  the  LEP  accelera- 
tor. m 

Tpese  arc  respectively  known  as  the  ALEPH, 
DF.LF  L3  and  OPAL  collaborations.  They  are 
very  large,  involving  about  200  physicists  on  each  ex- 
periment and  a  similar  number  of  technical  staff  com- 
ing from  almost  every  Member  State  and  also  from 
some  ten  non-Member  States. 

Accounts  have  been  opened  for  the  Common 
Fund  items  of  ALEPH,  DELPHI  and  OPAL. 

On  31  December  1984,  commitments,  payments 
and  balances  a*«ilable  were  ar  follows  (in  MCHF): 


The  excess  income  of  20.5  million  Swiss  francs 
was  used  as  follows: 


Commitments 

ALEPH  15.109 
DELPHI  9.403 
OPAL  6.059 


Peymtnls 
6.473 
0.455 
1.465 


Baling  of 
f*Mb*y*l*bk 

1.510 

3.376 

3.022 


163 


7io 


736 


flftyr  / — Rna  of  Interest  1994 


15        16       2  7       2  8        1  $       1  10      I  II      3  12     2111  dates 


Expenditure  1984 

(ia  thousands  of  Swus  francs) 


Budget  IxAdizii  and  tub- headings 

Budget 
1984 

Expenditure 
1984 

Diffe- 
rences 

Directorate- 
General 
aad  CIS 

Research 
Directo- 
rate 

Technical 
Director  ste 

LEP 
Project 

Directorate 
of  Adffit* 
ttstration 

TOTALS 

70197* 

713794 

♦  1272* 

38441 

171*77 

247291 

181932 

43*55 

1.  Pcrsond 

342*90 

343  Ml 

971 

2488* 

184317 

12848* 

39531 

44445 

10)  Staff  members 

32I9SO 

322918 

938 

6059 

103693 

128300 

39244 

43620 

14)  FdJowj 

10370 

10661 

♦ 

29! 

10226 

49 

213 

173 

15)  Research  associates 

10540 

10282 

258 

8603 

57J 

167 

114 

823 

2.  MaJMeaaae* ,  |CMrsJ  ofOM  sad 

CMMnMtlhM 

154  Mt 

15148! 

3881 

547S 

32424 

9**5* 

8517 

14815 

20)  Site  aad  bu)di&ts 

18000 

18850 

850 

16 

1419 

16270 

661 

484 

21)  Service  cqtapmcnt 

13650 

16567 

917 

19 

2597 

9756 

1326 

2669 

22)  Equipment  for  accelerators  aad 

beams 

22920 

25479 

2559 

864 

21995 

2559 

61 

23)  Experimental  equipment 

7310 

7382 

72 

7027 

252 

S3 

20 

25)  Data  haadiuif  equipment 

16020 

14433 

1567 

45 

12443 

296 

723 

944 

27)  Power  -ad  water 

49250 

46729 

2321 

46729 

21)  Administration/Consultants 

21230 

23608 

2378 

5039 

5471 

1741 

1858 

9492 

29>  Trips 

4220 

3413 

1193 

356 

2594 

1011 

M07 

345 

3.  Capital  o«tfcjs 

2*3  5W 

211454 

♦ 

7874 

78 

34334 

4*541 

1331*4 

2595 

30)  Sue  aad  buOdinjs 

68  3  50 

79114 

♦  10864 

1319 

3821 

73671 

303 

31)  Service  equipment 

9960 

11897 

♦ 

1937 

42 

1890 

4499 

3945 

1321 

32)  Equipment  for  acceJercors  tad 

beams 

I0O43O 

88632 

- 

1848 

I4C5 

31897 

33350 

33)  Experimecul  equipment 

18480 

18033 

445 

17850 

102 

83 

35)  Data  handlnx  equipment 

6410 

13776 

♦ 

7366 

J6 

11872 

242 

855 

771 
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Stores  Service 

As  part  of  the  process  of  standardizing  electronic 
equipment,  a  seminar  was  organized  on  the  Europa 
power  supply  systems,  attended  by  39  European  man- 
ufacturers from  eight  CERN  Member  States  and  a 
leading  officials  from  the  International  Elcctrotcch- 
wcal  Commission  (IEC).  As  a  result,  the  Technical 
Section  was  encouraged  to  play  a  more  active  role  in 
the  IEC. 

An  Olivetti  M40  computer  and  a  XEROX  2700 
laser  printer  were  installed  in  the  Distribution  Section. 
Its  first  task  was  to  automate  the  procedures  for  im- 
porting goods  into  Switzerland. 

The  entire  responsibility  for  the  work  relating  to 
the  reception  of  goods  and  their  internal  distribution 
was  transferred  from  SB  Division  to  the  Finance 
Department.  A  considerable  reduction  in  the  cost  of 
these  operations  was  achieved  by  the  negotiation  of  a 
service  contract  with  a  new  firm  and  by  the  introduc- 
tion of  certain  measures  to  streamline  procedures. 

Owing  to  the  dismantling  of  the  ISR,  the  work- 
load  of  the  Recuperation  Service  was  much  heavier 
than  usual. 

During  the  year,  the  total  value  of  issues  of  stand- 
ardized equipment  was  28  08  million  Swiss  francs,  an 


increase  of  12%  over  1983.  The  value  of  items  issued 
via  the  three  self-service  points  represented  9%  of  to- 
tal issues.  The  annual  rate  of  central  stock  turnover 
was  2.4.  The  stock  value  (central  and  self-service) 
varied  between  -5%  and  +4%  of  the  authorized  limit 
of  13.6  million  Swiss  francs,  whilst  the  average  level 
was  0.2%  below  the  authorized  stock  limit. 

During  the  year,  delivery  of  53  209  items  was 
taken  *nd  9  477  despatches  of  goods  were  earned  out 
for  the  Organization  as  a  whole.  There  were  13  221 
delivery  requests  and  orders  for  standardized  items 
and  250  422  requests  for  equipment  were  processed 
and  met  from  central  stock. 

As  a  irsuh  of  decisions,  678  in  all,  taken  by  the 
Standardization  Croups,  264  new  hems  were  intro- 
duced into  stock  and  414  were  declared  obsolete;  191 
of  the  latter  items,  worth  129  700  Swiss  francs,  were 
handed  over  to  the  Recuperation  Service. 

The  Quality  Control  Service  checked  the  con- 
formity of  2029  deliveries  (6.4%  of  the  articles 
ordered  worth  approximately  5.4  million  Swiss 
francs). 

The  Recuperation  Service  sold  equipment  outside 
the  Organization  for  approximately  1.6  million  Swiss 
francs  (this  included  3154  tons  of  scrap  metal  and  289 
tons  of  scrap  paper). 
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The  Management  Information  Department  has 
three  groups  whose  work  clearly  reflect*  their  main 
purposes. 

The  Forecasts  and  Statistics  Group  prepares  the 
Organization's  budget,  calculates  the  cost  variation  in- 
dices and  the  contributions  from  the  Member  States, 
draws  up  the  short  and  long-term  financial  and  staff 
requirements,  and  acquires  and  analyses  the  data  cha- 
racterising the  Organization's  activities  and  resources. 

The  Data- Processing  Croup  pro/ides  the  compu- 
ter services  for  the  Laboratory's  administrative  units 
including  those  located  in  the  Research  and  Technical 
Divisions. 

The  Technical  Support  Group  is  responsible  for 
various  tasks  in  the  fields  of  manpower  planning, 
administrative  procedures  and  micro-data- processing 
applied  to  management.  It  also  makes  specific  studies 
for  the  Organization's  management. 

The  most  important  achievements  of  1964  relate 
to  the  following  fields. 


Management  Facilities 

The  processing  capacity  of  the  central  computer 
was  increased  to  provide  users  with  facilities  for  de- 
centralized acquisition  and  for  the  transfer  of  then- 
management  d  a  to  peripheral  systems,  and  a  service 
which  is  better  suited  to  their  working  environment. 

The.  old  system  of  data  acquisition  on  cassettes 
was  abolished  and  replaced  by  on-line  transactions, 
thus  making  far  easier  operation  and  saving  a  great 
deal  of  users'  time. 


Ftt*nl— Mmtiq  of  the  Ml  Tictoksl  Commit***. 
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The  COPICS  software  package  for  purchjuinj 
management  became  operational  and  several  purchas- 
ing offices  are  now  connected  to  it . 

New  facilities  continue  to  be  developed;  thus  LEP 
contract  data  are  periodically  extracted  from  the 
COPICS  files  and  forwarded  to  the  LEP  Division. 
The  methods  for  making  COPICS  compatible  with  the 
existing  financial  data  base  were  defined,  and  a  new 
procedure  for  monitoring  contracts  war  drawn  up  and 
implemented  with  the  active  help  of  the  Finance  De- 
partment. 

The  Department  was  made  responsible  for  moni- 
toring the  co-ordination  and  application  of  the  rules 
for  the  use  of  industrial  support.  It  worked  on  making 
procedures  in  this  field  uniform  and  on  defining  and 
setting  up,  in  dose  collaboration  with  the  Finance  and 
Personnel  Departments,  a  software  package  for 
managini  industrial  support  facilities  providing  for 
continuous  monitoring. 

A  computerised  model  for  forecasting  medium* 
and  long-term  personnel  costs  was  developed  and  set 
up.  It  has  already  proved  its  usefulness  in  drawing  up 
a  financial  policy  for  these  costs. 

MI  also  set  up  computerised  facilities  for  produc- 
ing: 

-  VAT  statements  of  account  for  the  French  tax 
authorities; 

-  multi-annual  statements  of  account  for  the  LEP 
experiments; 

-  accounting  balance  sheets  in  the  original  currency. 

Moreover,  it  takes  part  in  the  work  of  internal  - 
committees  relating,  in  particular,  to: 

-  procedures  for  admission  to  CERN, 

-  the  status  of  firms  permanently  on  the  site, 

-  staff  policy. 

The  Department  also  technically  co-ordinates  the 
erection  of  buildings  32  and  33,  and  is  responsible  for 
the  financial  management  of  the  Administration 
Departments. 


Management  Information 

With  the  help  of  the  Departments  and  Divisions, 
MI  published  the  first  'CERN  Social  Report'  provid- 
ing collected  information  on  working  conditions. 
While  originally  intended  for  CERN's  staff  and  user*, 
it  has  also  been  distributed  on  request  in  the  Member 
States.  Its  periodic  updates  will  thus  provide  a  rcfer- 
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ence  for  the  assessment  of  the  Orjaniiation's  staff 

policy. 

At  the  request  of  the  Finance  Committee,  an 
examination  has  been  undertaken  of  the  methods  used 
to  calculate  the  scale  of  contributions,  the  statistical 
bases  used  and  the  consequences  of  the  choices  made. 
Alternative  scales  have  been  investigated  in  order  to 
bring  to  light  a  number  of  other  possible  methods  of 
deciding  on  contributions  under  the  provisions  of  the 
Convention. 

As  part  of  the  annual  review  of  CERN's  activi- 
ties, a  large  contribution  was  made  to  the  drafting  of 
the  document  on  'Scientific  activities  and  budget  esti- 
mates 1985*1968'  on  the  basis  of  the  systems  adopted 
by  the  decision-making  authorities. 

The  critical  analysis  of  the  use  made  of  manage- 
ment information  which  began  in  1963,  continued  in 
1984.  It  has  resulted  in  the  elimination  of  two  compu- 
terised applications  and  in  a  saving  of  over  100000 
photocopies  of  computer  print-out  pages. 
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A  number  of  steps  was  taken  and  various  projects 
complete!  with  the  active  assistance  of  the  Depart- 
ments/Divisions concerned  with  the  aim  of  facilitating 
the  use  of  the  management  information  provided.  The 
projects  included: 

-  the  adaptation  of  certain  accounting  codes  to  the 
requirements  of  the  construction  of  LEP  and  of  the 
financial  services; 

-  a  new  layout  for  the  Organization's  monthly 
management  reports,  which  are  now  updated  and 
produced  using  a  micro-computer. 


Procedures 

At  the  request  of  the  Management  and  the  audi* 
tors,  an  examination  was  made  of  the  delegation  of 
signature  rights  within  the  Organization,  and  a  com- 
puterised procedure  for  facilitating  the  monitoring 
and  updating  of  the  list  of  authorized  signatories  was 
se*  up. 

The  Department  has  published  a  document  dcfin* 
ing  the  procedures  for  access  to  the  CERN  site  to  be 
followed  by  persons  not  belonging  to  ne  Organization 
but  working  on  the  site. 

In  close  collaboration  with  the  Finance  Depart- 
ment, the  procedures  for  registering  banking  and 


postal  data  were  simplified  and  a  method  developed 
for  updating  them  on- line. 


Developments 

The  first  phase  in  the  financial  and  budget  data 
base  project  has  been  completed.  It  is  now  possible  to 
transfer  information  to  a  data  base  designed  for  on- 
line interrogation.  One  of  the  important  features  of 
the  data  base  is  that  it  will  continuously  provide  exact 
statuses  meeting  the  requirements  of  both  the  financial 
services  and  those  in  charge  of  financial  planning  in 
the  Divisions. 

Another  major  project  is  now  under  way:  the  re- 
placement of  the  salary  application  and  the  introduc- 
tion of  a  personnel  management  system  for  which  MI 
has  acquired  a  software  package  designed  to  meet  the 
Laboratory's  requirements. 

An  'intelligent  concentrator'  has  been  ordered  to 
provide,  via  the  Index  network,  duly  authorized  per- 
sons with  selective  access  to  the  administrative  data 
processing  centre.  Studies  have  begun  in  the  field  of 
decision-making  assistance,  which  should  result  in  the 
provision  of  faculties  for  access  to  data  and  their 
processing  without  any  special  knowledge. 
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Recruitment 

Following  the  approval  of  the  ACOL  project,  32 
extra  staff  on  fixed-term  contracts  were  appointed 
during  the  first  half  of  the  year.  Overall,  some  3500 
employment  applications  were  received  and  processed, 
and  some  600  candidates  were  invited  to  100  selection 
boards.  During  1984  there  were  138  new  starters,  who 
were  aged  between  19  and  43  (average  age  :  29).  The 
nationality  distribution  was  as  follows:  Austria  (1), 
Belgium  (7),  Denmark  (9),  France  (2$),  Great-Britain 
(32),  Italy  (18),  Federal  Republic  of  Germany  (12).  the 
Netherlands  (8),  Norway  (2),  Spain  (3),  Sweden  (10). 
Switzerland  (6),  non-Member  States  (2). 


Fellowships 

They  increased  slightly  to  135,  with  the  emphasis 
on  the  promotion  of  accelerator  research  and  develop- 
ment. The  new  openings  also  enabled  a  fair  number  of 
Fellows  to  be  appointed  from  Spain,  The  number  of 
Associates  paid  by  CERN  (some  180  man- years) 
remained  essentially  the  same  as  in  1983, 


Unpaid  Associates 

Their  registrations  continued  to  increase,  though 
at  a  slower  rate  for  Member  State  nationals.  The  total 
reached  3300  by  the  end  of  the  year 


Technical  Students 

The  discussions  on  broadening  the  basis  of  this 
programme  have  led  to  a  redefinition  of  its  frame- 
work, allowing  for  increased  contacts  with  Member 
State  institutions  concerned  with  training  technicians 
and  engineers.  The  total  number  of  Students  remained 
at  approximately  the  same  level  as  in  recent  years. 


Housing  and  Installation 

In  order  to  cope  with  the  demand  of  the  new 
members  of  the  personnel  mentioned  above,  accom- 
modation was  found  on  the  local  market  for  over  500 
families  (including  the  limited  number  of  CERN  fur- 
nished flats)  The  continuing  housing  crisis  in  the 
Geneva  area  prompted  a  study  of  possible  projects  to 
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satisfy  the  needs  of  CERN's  users  community.  The 
rate  of  occupation  of  the  new  CERN  hostel  exceeded 
75%.  Additional  facilities  were  introduced  at  the 
CERN  hostel,  notibry  by  the  provision  of  television 
lounges,  a  kitchen  and  furniture  for  the  terrace.  Some 
230  removals  to  and  from  CERN  were  financed  by  the 
Organization. 


Staff  Review 

370  posts  were  examined,  of  which  97  were  clas- 
sified at  the  next  higher  grade,  and  7  cases  of  change 
of  category  were  approved  by  the  Senior  Technical 
and  Administrative  Assistants*  Committee.  There 
were  24  appeals  concerning  classification  and  non- 
promotion,  following  which  four  promotions  were 
granted  and  in  another  7  cases  the  posts  were  classified 
at  the  next  higher  grade. 


Consultative  Committee  on  Employment 
Conditions  CCCEC') 

Members  of  the  Department  made  significant 
contributions  to  the  review  of  CERN  salaries,  con- 
ducted by  a  Sub-group  set  up  by  the  Standing  Con- 
ccrtation  Committee,  and  presented  a  report  to  the  tri- 
partite CCEC.  The  Department  provided  secretariat 
services  to  this  body  and  participated  in  the  prepara- 
tion of  other  CCEC  documents  concerning  the  pen- 
sion rights  of  shift  workers,  the  fourth  step  in  the 
complementary  scheme  of  CERN  pensions,  and  the 
CERN  salary  index  award  for  1985.  Progress  was 
made  in  a  review  of  the  texts  of  the  Staff  Rules  and 
Regulations,  which  will  in  due  course  also  be  pre- 
sented to  CCEC. 


Social  Work 

The  section  participated  in  a  working  group  to 
study  the  policy  relating  to  alcohol  abuse  that  is 
applied  in  various  organizations  outside  CERN.  Cer- 
tain recommendations  of  the  resulting  report  have 
been  adopted  and  v.ill  be  implemented  in  1985.  In  ad- 
dition to  work  on  individual  cases,  the  Social  Work 
Section  initiated  legislative  changes  in  health  insurance 
provisions  concerning  members  of  the  family,  divor- 
cees and  retired  staff.  The  Section  also  furthered  its 
experience  of  the  integration  into  Host  State  social 
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security  schemes  of  wiult  handicapped  children  and  of 
the  transition  of  adult  children  in  general  from  their 
international  status  to  a  national  one. 


Staff  Policy 

The  Director-General' s  Working  Group  respon- 
sible for  formulating  end  implementing  Staff  Policy 
received  considerable  assistance  from  Personnel 
Department  in  the  consideration  of  several  important 
topics,  including  senior  staff  promotions,  early  depar- 
tures, career  profiles,  and  periodic  review  discussions 
between  supervisors  and  their  staff. 


The  Second  CERN  Utility  Study 

Co-ordinated  by  a  member  of  the  Personnel  De- 
partment, the  study  has  been  completed  and  will  be 


published  as  a  Yellow  Report.  The  main  findings  were 
that  during  the  period  1973-1987,  the  'economic  utili- 
ty* experienced  by  160  randomly-selected  European 
suppliers  (i.e.  the  increased  sales  and  cost  savings  due 
to  CERN  contracts)  was  estimated  to  be  worth  over 
3 100  million  Swiss  franv.  compared  to  sales  to  CERN 
amounting  to  some  750  million  Swiss  francs,  These 
findings  complement  an  earlier  study  made  ten  years 
ago. 


Technical  Training 

The  programme  was  expanded  to  include  a  num- 
ber of  new  subjects  such  as  'High-power  electronic*'; 
'Laplace  transform*;  'Fourier  analysis*;  'Introduction 
to  differential  and  integral  calculus'  'Local  area 
networks';  'Fibre  optics*;  'Introduction  to  numerical 
control  of  machine  tools';  'Work  contracts  at  CERN*, 
which  are  taught  by  means  of  technical  seminars  last- 
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ing  several  consecutive  days.  In  1984  seven  such  semi- 
nars took  place;  some  of  them  had  to  be  repeated  sev- 
eral times  as  enrolments  exceeded  300.  clearly  showing 
the  need  for  this  new  part  of  the  programme. 


Personal  Skills  and 
Management  Training 

This  programme  increased  to  about  100  days* 
training  in  1984,  against  60  days  in  1983  Some  250 
staff  members  attended  seminars  of  an  average  length 
of  four  days 


September  1984  compared  with  the  same  time  Us 
year  showed  an  increase  of  93%  in  EnglUh  and  36%  in 
French.  German  courses  were  reintroduced  to  satisfy  a 
growing  need  for  this  language  for  work  purposes. 

Apprentices 

The  number  of  apprentices,  which  reraainco  at  17 
during  the  period  1971-1981.  has  gradually  iiicretsed 
since  then  and  has  now  almost  reached  its  projected 
ceiling  of  28.  This  scheme  makes  a  modest  contribu- 
tion to  vocational  training  in  the  local  area. 


Language  courses 

As  a  consequence  of  the  sustained  efforts  devoted 
to  international  recruitment  there  was  an  unprecedent- 
«;d  demand  for  language  courses  in  the  academic  year 
1984/1985.  The  number  of  new  applications  on  30 


Access  control 

In  addition  to  its  responsibility  for  controlling  ad- 
mission  to  the  Meynn  site,  the  Reception  Group  took 
over  access  control  for  the  tunnel  under  R.N.  84;  this 
assignment  is  handled  by  a  team  supplied  by  a  service 
contractor. 
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Technical  Inspection  and  Safety  Commission 


This  year  the  TIS  Commission  has  been  operating 
according  to  the  programme  of  restructuration  which 
was  defined  and  adopted  in  1983. 

Collaboration  with  the  different  groups  of  the 
LEP  Project,  extending  over  the  LEP  Main  Ring  and 
the  SPS  and  PS  Divisions,  has  steadily  improved,  and 
the  'Hearings'  on  a  diversified  number  of  topics  have 
contributed  to  the  clarification  and  improvement  of 
technical  concepts  in  matters  of  safety. 

The  four  LEP  experiments  involving  many  un- 
conventional technical  procedures— some  of  them 
never  tried  before— created  a  major  challenge.  The 
large  number  of  contributing  institutes  and  the  fact 
that  most  of  the  essential  components  will  not  be 
designed  or  built  at  CERN  created  the  need  for  co- 
ordination of  technical  standards  and  safety  concepts 
in  which  the  CERN  Technical  Safety  Codes  play  an 
essential  part.  The  TIS  Commission  has  been  actively 
engaged  in  contributing  to  technical  discussions  and, 
wherever  required,  in  helping  to  organize  specialized 
studies. 

Much  effort  has  been  invested  in  looking  into  the 
basic  fundamentals  of  the  existing  CERN  Safety 
Codes.  Amongst  some  of  the  more  important  codes, 
the  Electrical  and  Chemical  Codes  were  revised,  and  a 
Medical  Code  established  with  particular  emphasis  on 
the  use  of  international  standards  and  norms.  It  is 
hoped  that  the  remaining  codes  will  be  revised  in  1985. 

The  expansion  of  the  CERN  domain  to  accom- 
modate the  construction  of  LEP  has  triggered  off  an 


examination  into  how  quickly  our  First  Aid  and  Fire 
Ser  rices  can  act  effectively  within  these  new  bound- 
arks.  Even  though  no  definitive  solution  has  /et  been 
adopted,  it  has  become  dear  that  in  view  of  the  dis- 
tances involved,  a  redeployment  of  the  present  First 
Aid  and  Fire  Services  had  to  be  envisaged.  Thus  an 
essential  saving  in  time  between  alarms  and  effective 
action  could  be  achieved.  The  direct  implication  is  the 
probable  creation  of  s  second  station  judiciously 
chosen  on  the  LEP  perimeter. 

When  the  TIS  Commission  was  set  up,  one  of  the 
declared  aims  was  to  bring  hlfh  technical  competence 
to  the  Commission— but  also  ro  place  a  strict  time 
limit  on  the  mandate  of  the  staff  concerned  so  at  to 
allow  them  to  return  easily  to  their  original  activities. 

Details  of  activities  in  the  various  TIS  Oroups  are 
described  below. 


Electricity,  Electrical  Ustallatioi, 
and  General  Safety  Group 

Electricity  r*4  Electrical  Iswtattftttois 

This  year  the  new  Electrical  Safety  Code  CI  was 
publish -d  in  a  more  up-to-date  form. 

The  code  is  based  on  the  most  advanced  interna- 
tional and  national  recommendations  and  standards. 
In  addition,  the  appendices  drawn  up  by  specialist 
groups  dealing  with  particular  subjects  were,  or  are 
due  to  be,  published. 

In  particular,  the  recent  Safety  Instruction  No.  23 
entitled  'Criteria  for  the  selection  of  insulating  mate- 
rials for  electrical  cables  and  equipment  with  respect 
to  fire  safety  and  radiation  resistance'  is  of  particular 
importance  for  the  LEP  installations. 

Other  activities,  relating  to  the  monitoring  and 
inspection  of  the  different  stages  of  project  develop- 
ment and  installation,  and  various  training  courses 
and  safety  inspections  of  premises,  were  continued.  In 
this  connection  it  is  worth  recallins  that  certain  instal- 
lations are  inspected  by  the  appropriate  Host  Slate 
authonties. 


Geoeral  Safety 

Regular  contacts  were  maintained  with  the  va- 
rious LEP  groups  responsible  for  installation  of  the 
machine.  Particular  attention  was  paid  to  comrauni- 
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some  15  experiments  on  the  sites,  including  NA31, 
LEAR  and  UA1.  In  particular,  the  current  safety  stu- 
dies on  the  UA1  experiment  will  be  used  as  a  reference 
for  those  carried  <Ml  on  the  Urge  LEP  experiments. 

In  this  respect,  very  effective  co-operation  was 
maintained  between  the  Group  Leaders  in  Matters  of 
Safety  of  the  four  experiments  ALEPH.  DELPHI, 
OPAL,  and  L3  and  members  of  the  US  Commission, 
through  the  safety  meetings  attended  by  representa- 
tives of  all  the  {roups  in  the  experimental  collabora- 
tions. 

Turning  to  more  immediate  matters,  the  SY 
Group's  involvement  in  solving  personnel  problems 
related  to  ergonomic  conditions  at  the  work  place  in- 
creased considerably.  These  activities,  carried  out  in 
liaison  with  the  Medical  Service,  were  concerned  with 
noise,  ambient  temperatures,  vibration,  lighting,  and 
sight  in  general  (in  this  regard,  it  should  be  noted  that 
some  2000  VDU  are  now  in  use  at  CERN). 

These  problems  must  be  given  consideration  in 
view  of  their  impact  on  the  quality  and  efficiency  of 
work  in  all  Divisions,  whether  scientific,  technical,  or 
administrative. 

Finally,  the  overall  statistics  of  accidents  reported 
to  the  Ccr*"nission  for  the  period  1.11.1983  to 
3 1 . 10. 1984  are  given  in  the  following  summary. 


Table  I — Statistics  of  accidents  reported  ct  CERN  for  the  period  1. 1. 1983  au  31. 10  I9&4 


AcadenU  reported  on  HSSO 

Accidents  tni*ttint  ttuoce/rom  work 

Days  lost  by  mimbert  of  the  LERNpcrsoMei 

234  involved  member*  of  l>*  CERN  personnel 
{suit  member*  and  Pon-csuMuhed 
member*  of  (be  perioood) 
5>  involved  contract  pcrioond 

(1  notwdiai  acodenu  occunag  on  the 

journey  to  and  f/om  work) 
96  involved  membm  of  the  CERN  pertoanel 
2*  involved  contract  personnel 

lodixhoj  7500  d*r*  (bated  on  tbe  1LO  pro- 
cedure now  in  force)  for  •  drain  which 
occured  on  the  homeward  journey  from  wort 

2*9 

124 

fl!9 

The  T1S  Commission  is  in  the  process  of  reviewing  its  the  widely  fluctuating  numbers  of  personnel  on  the 

method  of  calculating  the  frequency  rate  and  the  site.  This  explains  why  the  table  does  not  give  values 

severity  rate  to  take  account  of  the  total  number  of  for  the  period  in  question, 
accidents  icported  (whether  on  HS50  or  not)  and  of 
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cations  and  alarm  systems  during  the  critical  installa- 
tion phase. 

On  the  experimental  side,  very  close  contact  was 
maintained  with  the  experimental  groups.  The  Group 
as&teted  with  the  modifications  being  earned  out  to 
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Fire  Prevention  aad  Fire  Brigade 
Fire  PrmsCtai  Smiet 

There  was  a  considerable  increase  in  the  workload 
of  the  Fire  Prevention  Service.  A  direct  correlation 
was  noted  between  the  General  Safety  Group's  reports 
on  conditions  found  and  the  detection  of  fire  hazards 
by  the  Service  during  its  inspection  of  work  sit*,  and 
dote  cooperation  between  the  two  services  was  there- 
fore established.  The  numbers  of  visits  made  and 


plans  examined  are  as  follows: 

-  Safety  inspections  relating  to  the 

prevention  of  fires  or  other  hazards  129 

-  Acceptance  tests  for:  fire-detection  systems  25 

fas -detection  systems  6 
safety  equipment  7 
emerf  ency  stops  4 

-  Fire  tests  (reactions  of  the  extinguishing 
substances  and  products  of  fixed  devices 
as  part  of  the  LEP  fire  prevention  pro- 
gramme) 18 

-  Examination  of  LEP  plans  128 

-  Examination  of  plans  7 


Fire  Brigade 

Organization 

The  programme  defined  in  1983  which  relates  in 
particular  to  emergency  calls  (fire,  flooding,  medical 
assistance,  etc.)  was  implemented  as  follows: 

-  Purchase  of  new  equipment:  /  heavy-duty  fire- 
fighting  vehicle  for  LEP;  A  rescue  cabin  for  the 
LEP  shafts;  An  all-terrain  ambulance  for  the  LEP 
site;  Various  tools  and  other  items  of  rescue  equip- 
ment. 

-  Occupational  training:  In  addition  to  the  twenty 
days  of  practical  training  sessions  organized  for  the 
five  teams,  various  training  or  advanced  instruction 
courses  were  arranged  for  ambulance  men  and  dri- 
vers of  heavy  vehicles,  as  well  as  courses  in  welding, 
typing,  and  languages.  In  addition,  two  new  firemen 
attended  the  training  course  at  the  Ecole  der  Rec- 
rues  of  the  Geneva  Fire  and  Rescue  Service  for  six 
months.  This  year  particular  attention  was  paid  to 
the  skills  required  for  underground  rescue,  such  as 
descending  in  rappcls,  pothoting  techniques,  and  the 
use  of  high-volume  foam  extinguishers. 


Emergency  Colts 

Following  the  introduction  of  new  measures  and 
in  particular  the  decision  to  discontinue  duties  no*, 
directly  associated  with  fire  brigade  activities  (SecurL/ 
Service,  tunnel  customs  post  duty,  responsibility  for 
the  keys  and  locks  on  the  CERN  site  and  their  main- 
tenance, etc.),  the  immediate  availability  of  the  fire- 
men on  duty  increased. 

During  the  year,  the  Fire  Brigade's  tasks  inclu- 


ded: 

-  Gu  alarms  125 

-  Various  alarms  72 

-  Fur  alarms  (genuine  or  un  founded)  415 

-  Fires  in  progress  75 

-  Ambulance  service, 
indudir  128  internal  calls  and 

190 exu  .da)  calls  from  the  Host  States  418 

-  Pumping  and  handling  various  sollt 

liquids  (water,  mercury,  etc.)  149 

-  Releasing  jammed  lifts  or  goods-lifts 
(induding  38  calls  to  release  trapped  persons)  31 

-  Destruction  of  wasps' nests  60 

-  Other  calls  for  assistance  143 


TOTAL  1488 


Flammable  Gas  and  Chemistry  Group 
General 

The  Chemical  Safety  Code  has  been  completely 
rewritten  and  submitted  to  SAPOCO  fa"  acceptance. 
Safety  Instructions  have  been  prepared  for  beryllium 
and  for  polychlorinated  biphenyls  (PCB). 

Hdp  has  continued  to  be  given  to  physics  and 
engineering  groups  working  with  materials  presenting 
certain  hazards,  such  as  lead,  asbestos,  trimethyla- 
mine,  and  mercury.  Once  more,  «b«  waste  disposal 
service  offered  by  the  group  continued  to  expand,  and 
about  30  tons  of  used  solvants  and  more  than  100  tons 
of  aqueous  solutions  of  adds,  alkalis,  photographic 
products,  etc.,  were  sent  for  recuperation  or  destruc- 
tion by  the  appropriate  authorities.  Silver  was  re- 
covered from  photographic  fixing  solutions  collected 
on  the  site.  Investigations  were  made  into  smoke 
density  and  toxic  and  corrosive  gas  emissions  from 
burning  plastics,  with  particular  reference  to  LEP  con- 
ditions. 
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Fifurt  3  —  Inspeaton  of  the  Pisa  IHFN  lujuid-trton  calorimeter  for 
exp  NASI  by  means  Of  tke  new  portable  X-ray  apparatus 
(CERN-ISS  IJ  1994) 


Environmental  Monitoring 

The  quality  of  water  discharged  into  local  rivers 
was  monitored,  and  regular  visits  were  paid  to  the 
rivers  themselves  to  ensure  their  continued  well-being. 
In  parallel  with  action  by  national  authorities,  addi- 
tional inspections  were  made  of  the  discharges  from 
the  LEP  work  sites;  this  was  done  at  the  request  cf  the 
LEP  Division. 

On  the  LEP  Ring  the  two  monitoring  stations  for 
ozone  and  oxides  of  nitrogen  were  brought  into  ser- 
vice. 

Personnel  Monitoring 

This  continued  to  be  an  important  part  of  the 
work  of  the  Group.  In  particular,  monitoring  was 
carried  out  in  cleaning  shops  where  perchlorcethylene 
vapours  constitute  a  hazard. 

Ozone  lev's  were  measured  when  welding  alu- 
minium bus  bars  for  LEP  magnets,  and  various  respi- 
ratory protective  masks  were  tested  for  effectiveness. 

Training 

The  group  continued  to  participate  in  the  Safety 
Briefing  organized  monthly  for  newcomers  to  CERN. 
Specific  course,  were  given  in  chemical  and  flammable 
gas  safety. 


Mechanical  Engineering  Group 

The  Mechanical  Engineering  Group  has  p.  ded 
technical  support  to  the  steadily  growing  CERN 
accelerator  and  experimental  programmes  in  the  fol- 
lowing ways. 

-  advice  on  safety,  soundness  of  design,  reliability 
and  economy  of  new  equipment  at  the  design  and 
specification  stage; 

-  inspections  during  fabrication  and  acceptance  tests; 

-  periodic  inspection  and  testing  of  existing  equip- 
ment; 

-  traimngand  licensing  personnel  for  the  use  of  lifting 
equipment, 

Oral  advice  and  instructions  have  been  given  on  nume- 
rous occasions,  and  more  than  150  assessment  reports 
on  new  projects  or  important  modifications  to  exi  »g 
equipment  have  been  prepared.  Most  of  the  ass>  . 
ment  studies  concerned  pressure  or  vacuum  vessels, 
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cryostats,  lifting  equipment,  electromechanically  ope- 
rated heavy  devices,  monorails*  and  other  means  of 
transport  and  installation. 

The  LEP  machine  and  infrastructure,  the  four 
LEP  experiments,  and  the  SPS  accelerator  and 
experiments  have  been  the  most  important  users  of 
our  services  in  1984.  Worth  mentioning  are  some  criti- 
cal components  of  the  LEP  experiments:  the  super- 
conducting magnet  cryostats  for  ALEPH  and 
DELPHI;  the  magnet  yoke  structure  for  L3;  the  cen- 
tral detector  vessel  for  OPAL. 

Inspections  and  tests  were  carried  out  on  many 
pieces  of  apparatus,  both  at  CERN  and  on  the  pre- 
mises of  the  manufacturer.  In  particular  this  was  done 
in  all  cases  where  national  inspection  authorities  were 
unable  to  carry  out  the  normal  inspection  and  certifi- 
cation activities  because  of  the  special  nature  and  un- 
usual design  oi  the  equipment.  Experiment  NA31  at 
the  SPS  offers  a  number  of  typical  examples  of  such 
cases:  the  400  mJ  vacuum  tank  and  its  2.4  m  dian  r , 
0.8  mm  thirlc,  composite  material  window,  »nt 
liquid-argon  calorimeter. 

The  design  of  a  multipurpose  overpressure  test 
facility  for  vacuum  vessels  has  been  started.  It  w:I< 
make  use  of  recuperated  components  from  dismantled 
CERN  facilities. 

Table  2  shows  the  number  of  periodic  inspections 
which  were  earned  out  at  CERN,  This  work  is  grow- 
ing  year  after  year  as  a  result  of  the  increasing  com- 
plexity of  activities  and  equipment  in  the  laboratory. 
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Some  of  the  existing  CERN  Safety  Codes  in  the 
field  of  mechanical  engineering  need  to  be  revised  and 
updated.  Studies  have  been  undertaken  regarding  the 
safety  of  glass  windows  and  composite  materials  in 
view  of  the  imminent  revision  of  the  CERN  Pressure 
Vessel  Code. 

In  the  field  of  training,  the  Mechanical  Engineer- 
ing Group  has  organized  a  series  of  courses*  run  by 
Host  States  authorities,  on  the  use  of  cranes.  These 
courses  became  necessary  owing  to  a  number  of 
incidents  with  lifting  equipment;  they  were  attended 
by  270  CERN  staff  and  30  persons  from  industrial 
support  labour 


Table  2 — Number  of  routine  inspections 
and  tests  earned  out  in  1984 


Medical  Service 

Regular  Activities  > 

The  Medical  Service's  regular  activities  continued 
at  a  steady  rate  during  1984.  This  may  be  illustrated  by 
the  following  statistics  and  other  information: 

2200  medical  examinations  were  carried  out, 
some  200  fewer  than  in  1983,  but  the  rate  of  failure  to 
attend  appointments  was  still  high  (12tt). 

Owing  to  the  coming  into  force  on  1 . 1 . 1984  of  the 
new  provisions  of  the  Radiation  Safety  Manual,  a 
significant  proportion  of  the  examinations  related  to 
personnel  classified  as  ATC  (fit  to  work  in  controlled 
areas).  None  of  the  450  persons  examined  were  found 
to  be  medically  unfit  for  such  work. 

Suppler  ternary  examinations  were  also  per- 
formed to  help  doctors  determine  more  precisely  the 
fitness  for  work  of  the  personnel  examined.  Unfor- 


tunately, attendance  at  several  series  of  these  exami- 
nations was  very  poor,  since  although  some  73CO 
appointments  for  haematological  examinations  were 
notified  to  the  staff,  only  4300  examinations  were  in 
fact  carried  out.  The  resulting  administrative  and 
monitoring  difficulties  may  readily  be  imagined. 

Some  4161  persons,  slightly  more  than  in  1983, 
called  at  the  Infirmary  for  First  Aid  treatment  for  ill- 
ness or  injury,  for  various  types  of  therapy  prescribed 
by  their  doctors  or  for  examinations  such  as  Wood- 
pressure  check-ups. 

Visits  to  work  stations  were  continued.  The  98 
visits  to  various  locations  around  the  site  provided  a 
better  insight  into  the  problems  of  work  organization, 
ergonomics  and  industrial  hygiene. 


Special  Activities 

Several  noteworthy  activities  were  carried  out 
during  the  year. 

The  transfer  of  medical  records  on  to  microfilm 
was  begun,  and  1800  records  comprising'some  28000 
different  items  were  stored  on  microfilm  in  fireproof 
cabinets.  It  should  be  noted  that  at  the  end  of  1984, 
the  Medical  Service  had  more  than  16000  medical 
records  on  file  (currently  employed  personnel  or 
personnel  who  have  left  the  Organization,  including 
Research  Associates  and  contract  personnel). 

Important  features  of  the  Service's  activities  dur- 
ing the  year  were  its  participation  in  the  inquiry  into 
alcoholism  at  the  work  place,  and  the  drawing-up  of 
reports  on  this  subject.  The  Medical  Service  will  play 
an  active  role  in  the  work  of  the  subgroup  which  was 
set  up  at  the  end  of  1984  to  study  possible  solutions  to 
this  and  related  problems. 

The  Medical  Service's  computerized  daia  base 
was  adapted  during  the  year  to  ensure  greater  effi- 
ciency, especially  with  regard  to  archive  records,  and 
new  information,  such  as  the  results  of  the  audio- 
metric  and  electrocardiographic  examinations  could 
gradually  be  Introduced.  Overall,  the  Service  currently 
handles  some  1 1 0000  records  in  the  form  of  computer* 
ized  data,  17000  of  them  representing  the  identifica- 
tion records  of  all  the  persons  on  the  Medical  Service's 
files.  In  addition,  there  are  some  135000  archive  re- 
cords on  tapes,  to  which  direct  access  is  not  available. 

Following  the  offer  of  thor&nc  X-rays  to  the  per- 
sonnel, 1200  examination  were  arranged.  Some  20 
persons  were  subsequently  requested  to  undergo  fur- 
ther examination. 

181 


Lust  lifting  equipment  (cranes,  etc  ) 

562 

Small  bftiai  equipment  (winches,  houti.  etc  ) 

794 

Large  lifting  accessories 

1167 

Small  bftinf  accessories 

11020 

UfU 

243 

Other  means  of  transport 

219 

Automatically  doting  doors 

179 

Industrial  pi*.*ure  vessels 

43) 

Experimental  pressure  vessels 

335 

Safety  valves 

2S62 

Chimneys 

11 

Radiographic  inspections 

162 

WeiderC  examinations 

y> 
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Flfurt  4— Samples  token  In  the  SfM  intermagnet  tap  jor  a  radvxKli- 
vity  check  be/ore  dismantling  tCERN-195  1084) 


The  Service's  doctors  had  to  devote  a  consider- 
able amount  of  attention  and  working  time  to  a  num. 
ber  of  cases  of  serious  psychological  disorders. 

Lastly,  it  should  be  noted  that  during  the  year 
TIS  drew  up  and  SAPOCO  approved  a  new  Medical 
Code,  which  now  awaits  firad  approval  by  the 
Director-Genera). 


Radlft        nlection  Group 

The  Radi&  Protection  Croup  (RP)  was  much 
involved  in  designing  radiation  protection  systems  for 
new  projects,  in  addition  to  coping  with  the  important 
radiation  protection  work  at  all  installations  on  the 
present  CORN  site.  The  radiation  protection  work  for 
LEP  is  described  separately  in  the  LEP  Progress 
Report. 


Radiation  Control  o'  Accelerator* 

About  half  of  the  PS  operation  time  was  used  to 
produce  antiprotons  for  pp  collision  experiments  in 
the  SPS,  for  fixed-target  physics  in  the  ISR  with  anti- 
protons,  and  for  the  LEAR  experiments.  New  records 
for  the  proton  intensity  on  the  antiproton  target  were 
reached.  The  RP  problems  connected  with  target 
maintewuice  and  development  and  with  beam  dump- 
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Fit**  5— Last  radiation  survey  be/ore  the  dismantling  of  the  ISR 
(CERH-I92I0S4) 


ing  increased  accordingly.  The  PS  section  of  the  RP 
Croup  was  also  involved  in  the  LIL  and  EPA  prc- 
mjector  project  for  LEP  and  in  the  design  of  ACOL 
shielding,  as  well  as  the  access  ways  and  the  layout  of 
the  new  antiproton  target  area,  and  in  the  project  for  a 
new  PS  access  system  and  full-inttnsity  beam  dumps. 

At  the  SC,  besides  the  routine  operation,  the  new 
ISOLDE  project  was  followed  very  closely,  as  open- 
ings had  to  be  made  into  the  main  SC  shield. 

The  RP  was  heavily  involved  in  the  decommis- 
sioning of  the  ISR.  All  equipment  was  checked  for 
radioactivity  and  sorted  for  storage  and  disposal  ac- 
cordingly. Magnets  and  vacuum  pumps  were  stored  in 
sector  3,  where  ambient  activity  from  beam-dumping 
operations  is  the  highest,  Large  quantities  of  equip- 
ment were  eliminated  as  inactive  material  and  only 
about  3-5%  of  the  items  were  stored  in  the  active  stor- 
age area. 

The  very  low  personal  doses  registered  (all  below 
0.5  mSv/ month)  and  the  smooth  and  fast  sorting  of 
material  can  be  attributed  to  excellent  planning  and 
follow-up.  Radiation  protection  coverage  of  the  entire 
work  was  helped  by  good  collaboration  with  the 
Transport  Service.  Most  RP  activities  in  the  West  Hall 
are  concentrated  on  the  LEP  project  or  on  the  tests  for 
LEP  experiments. 

Radiation  protection  of  the  numerous  test  beams, 
and  special  access  and  opera' iontl  conditions,  requir- 
ed close  control  and  a  large  number  of  interventions 
and  measurements.  The  same  applies  to  the  radio- 
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Figure  6 — Radiation  control  before  the  departure  of  a  lorry  transport- 
ing radtooctive  waste  (CERN-196 10,94) 

Figure  >  —  Volume  reduction  of  part  of  the  former  PS  neutrino  tunnel, 
the  radioactivity  of  which  Is  very  low  after  many  yean  of  decay,  in 
order  to  liberate  space  for  the  new  storage  building  (CEMN-34i,04  94) 


frequency  test  area,  where  klystron*  and  cavities  are 
installed  in  a  full-size  LEP  layout. 

The  underground  neutrino  target  area  operated 
for  the  last  time  with  the  narrow-band  beam,  creating 
high- radiation  levels  in  the  cave.  The  proposed  up- 
grading of  the  area  called  for  much  attention  on  the 
part  of  RP  when  planning  and  assessing  the  dose  com- 
mitment of  this  work  in  high-radiation  areas. 

The  SPS  operated  until  summer  with  fixed  tar- 
gets. The  follow-up  of  the  preparatory  work  and  the 
operation  of  the  primary  and  the  very  intense  second- 
ary beams  resulted  in  a  lot  of  work  for  the  SPS  sec- 
tion. Problems  were  encountered  in  controlling  the 
primary  beam  and  the  work  in  beam  areas.  The  radia- 
tion monitor  system  proved  indispensable  for  giving 
warning  when  beams  are  out  of  control,  and  for  esti- 
mating radiation  levels  in  unexpected  situations. 

The  *^P  h*d  to  survry  work  on  radioactive  equip- 
ment in  the  test  areas,  and  in  areas  where  X-ray- 
producing  equipment  is  used. 

For  pp  operation  the  beam  loss  monitor  system, 
under  the  responsibility  of  RP,  becomes  more  and 
more  important  as  a  means  of  guaranteeing  'clean' 
operation  with  the  steadily  increasing  beam  intensities. 


Site  Surveillance  and  Control 

The  volume  reduction  of  radioactive  scrap  from 
decommissioned  areas  such  as  the  former  PS  neutrino 


tunnel  was  an  important  part  of  the.  activities  of  the 
SC  Site  section.  As  well  as  breaking  up  by  flame  cut- 
ting, also  a  90 1  press  was  used  for  volume  reduction. 
The  construction  of  a  new  storage  building  for  radio- 
active items  started  this  year  and  preparatory  work  for 
a  further  storage  building  is  well  advanced.  A  consid- 
erable amount  of  slightly  radioactive  material  result- 
ing from  the  decommissioned  ISR  had  to  be  taken 
care  of. 
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The  site  survey  network  using  thcrmolumines* 
cence  dosimeters  now  also  includes  10  positions  selec- 
ted for  pro-operational  monitoring  of  the  LEP  site  on 
Swiss  territory,  where  measurements  are  carried  out  in 
collaboration  w.'.h  the  Swiss  authorities.  The  control 
of  uranium,  radioactive  sources,  and  non-ionizing 
radiation  (lasers,  radio  frequency,  and  microwaves) 
continued. 


Environmental  Monitoring 

Radiation  levels  were  measured  along  the  CERN 
fences  and  were  found  to  be  similar  to  those  measured 
in  1985.  and  everywhere  below  the  CERN  reference 
level  of  1.5  mSv/year.  These  measurements,  and  the 
results  of  laboratory  measurements  of  radioactivity  in 
different  samples  of  release  water  and  aerosol,  and 
from  samples  of  vegetation  and  mud  collected  at  the 
CERN  periphery,  were  communicated  quarterly  to  the 
host  country  authorities  No  significant  activity  was 
detected. 


Personnel  Monitoring 

Personnel  exposure  remained  at  the  same  level  as 
in  the  preceding  year.  The  programme  for  the 
implementation  of  a  dose  data-handling  system  with 
direct  access  to  the  ND-100  computer  is  on  schedule. 
Progress  was  made  in  applying  methods  to  suppress 
fading  in  neutron  films.  Because  of  the  promising 
results,  two* monthly  distribution  of  neutron  Films  will 
be  made  in  1985  for  some  of  the  less  exposed  staff. 

In  1984  the  CERN  Him  badge  service  was  recog- 
nized as  a  service  which  fulfils  the  new  technical  requi- 
rements for  a  personnel  dosimetry  service  in  Switzer- 
land 


Technical  Support 

Work  was  started  to  replace  the  electronics  for 
the  PS  and  SPS  radiation  monitor  systems,  which 
have  been  operating  for  almost  10  years. 

A  local  area  network  has  been  installed  in  order 
to  connect  various  radiation  protection  equipment  to 
the  central  RP  data-acquisition  system.  An  interface 
has  been  built  to  link  the  RP  computer  to  the  densito- 
meter for  personnel  dosimeter  evaluation  (films).  The 
facilities  for  evaluation,  maintenance,  and  calibration 
of  RP  instruments  has  been  improved.  The  NOTIS 
word-processing  system  has  been  implemented  on  the 
RP  computer,  with  links  to  DOC  and  PS. 


General  Activities 

The  testing  of  materials  to  be  :<*ed  in  radiation 
areas  continued,  as  well  as  the  long-term  CERN-wide 
high-level  dosimetry  programme.  Some  of  this  work 
was  made  in  close  collaboration  with  European  indus- 
try, and  a  number  of  common  reports  were  issued. 
The  RP  staff  also  participated  in  international  work* 
ing  groups  on  endurance  tests  and  test  norms. 

The  development  of  computer  codes  for  hadron- 
meson  cascade*  continued  with  the  help  of  visitors 
from  European  universities.  The  members  of  RP  col- 
laborated with  and  took  part  in  international  working 
groups  on  dosimetry  problems,  on  comparison  of 
measuring  methods,  and  on  non-ionizing  radiation. 

The  Group  took  an  active  part  in  the  Radiation 
Protection  Committee  (topics  discussed:  the  Anti- 
proton  Collector,  the  SPS  as  injector  for  LEP,  and  the 
LEP  Main  Ring).  Discussions  were  held  with  the 
radiation  protection  authorities  of  the  host  states 
about  new  trends  in  personrtl  dosimetry  for  those 
who  are  only  occasionally  exposed. 
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Office  and  Services  of  the  Director-General 


The  Office  and  Services  of  the  Director-Gen  etAl 
consist  of  the  following  units: 

-  Council  Secretariat 

-  Public  Relations 

-  Internal  Audit 

-  JxgalfWvice 

-  Relations  with  the  Host  States 

-  Scientific  Conference  Secretariat 


Council  Secretariat 

During  the  year,  the  Council  Secretariat  made  the 
practical  arrangements  for  18  Committee  Meetings 
and  2  Council  Sessions.  Between  1  January  and  31  De- 
cember 1984,  the  Service  co-ordinated  the  preparation 
and  distribution  of  174  English,  143  French,  81  Ger- 
man, and  23  bilingual  documents. 

The  Secretariat  also  made  the  necessary  arrange- 
ments for  four  Restricted  and  two  Plenary  Meetings  rf 
ECFA  and  prepared  the  relevant  documents. 

Tut  Service  provided  the  secretariat  support  for 
the  holding  of  CERN's  Thirtieth  Anniversary  cere- 
monies. 


is  being  made  to  broaden,  diversify,  and  streamline 
CERN's  contacts  with  the  general  public  and  the 
media. 

The  work  of  the  Laboratory  and  the  particle 
physics  world  were  in  the  limelight  as  a  result  of  the 
Thirtieth  Anniversary  of  CERN  and  the  award  of  the 
Nobel  Prize  for  Physics  to  two  of  the  Organization's 
physicists.  As  a  consequence  of  these  events  and  also 
of  the  increased  efforts  to  establish  closer  links  with 
the  media  in  the  Member  States,  contacts  with  the 
general  public  were  considerably  widened.  Moreover, 
representatives  of  the  local  media  are  periodically 
invited  to  take  part  in  discussions  with  the  Director- 
General  and  the  LEP  Project  Direction. 

The  number  of  visitors  to  the  Laboratory  con- 
tinued to  increase  during  the  year  and  reached  almost 
20000,  compared  with  17000  in  1983.  To  this  figure 
must  be  added  some  4000  persons  who  attended  the 
CERN  Open  Day  held  in  September  as  p&rt  of  the 
Thirtieth  Anniversary  celebrations.  Various  ways  of 
coping  with  such  large  influxes  of  people  and  improv- 
ing the  arrangements  for  visits  are  being  studied. 

Appendix  E  lists  VIPs  who  visited  CERN  in  1984. 


Interna]  Audit 


Public  Relations 

During  the  year,  the  Information,  Press,  and 
Visits  Service  was  strengthened,  reorganized,  and  re- 
named the  Public  Relations  Service.  A  sustained  effort 


As  one  of  its  annual  tasks,  the  Internal  Audit  Ser- 
vice checked  the  accounts  of  the  Organization  and  the 
Pension  Fund  in  accordance  with  the  programme  ori- 
ginally plauned.  However,  additional  checks  were  un- 
dertaken, in  particular  in  response  to  requests  from 


Document  statistics—Council  Secretariat 
1  January-31  December  1984 


Number ©/ Documents 

Entlith 

French 

BUbisuol 

Total 

Council  and 
Committee  of 
Council 

33 

33 

4 

5 

75 

Finance 
Committee 

106 

103 

76 

17 

309 

Scientific  Policy 
Committee 

13 

2 

1 

1 

17 

ECFA 

20 

20 

174 

143 

II 

23 

421 

187 


ERIC 


781 


757 


the  Auditors.  The  Service  carried  out  a  more  detailed 
audit  of  the  Pension  Fund  accounts  than  in  the  past; 
this  served  as  the  basis  for  an  assessment  by  the  Audi- 
tors,  who  for  the  first  time  presented  a  separate  report 
on  the  Pension  Fund. 

In  accordance  with  an  agreed  programme,  items 
relating  to  particular  services  or  day-to-day  adminis- 
tration were  audited.  In  addition,  on  a  regular  basis  or 
by  mea&a  of  spot-checks,  the  Service  monitored  the 
appbeation  of  the  official  regulations  and  procedures 
in  force  in  different  areas.  Problems  highlighted  were 
discussed  with  those  in  charge  of  the  areas  concerned 
so  that  improvements  could  be  introduced  or  correc- 
tive action  taken,  as  necessary. 

The  co-ordination  of  auditing  was  unproved  by  a 
certain  degree  of  internal  reorganization,  which  meant 
that  day-to-day  activities  and  a  programme  of  work 
could  be  regularly  monitored. 


Legal  Service 

The  Legal  Service  carried  out  it*  task  as  adviser  to 
the  Organization.  It  prepared  documents  and  gave 
legal  opinions  on  questions  raised  by  the  Director- 
General  and  the  Directorate.  It  also  maintained  the  ne- 
cessary contacts  over  legal  matters  with  the  authorities 
of  the  Member  States  and  the  Host  States  and  took 
part  in  the  work  of  the  Council  and  its  Committees. 

The  Service  played  an  active  role  in  drawing  up 
the  documents  relating  to  the  LEP  project.  Inter  alia, 
it  gave  legal  opinions  on  and  participated  in  the  draft- 
ing of  an  agreement  between  CERN  and  the  French 
authorities  in  view  of  LEP's  classification  as  a  basic 
nuclear  installation  and  of  documents  concerning 
co-operation  with  the  European  Communities  and  the 
proposed  European  Synchrotron  Radiation  Facility 
(ESRF).  It  participated  in  various  committees,  in  par- 
ticular the  Safety  Policy  Committee,  working  groups, 
and  inquiries. 

In  respect  of  litigation,  it  represented  the  Organi- 
zation's interests  before  national  courts,  managed  its 
insurance  policies,  attended  to  the  recovery  of  sums 
owed  to  the  Organization  by  external  debtors,  and 
bdped  in  the  settlement  of  commercial  disputes. 

The  Service  also  provided  members  of  the  per- 
sonnel, particularly  the  scientific  Associates,  with  the 
necessary  legal  guidance  on  such  matters  as  legislation 
concerning  the  family,  taxation,  nationality,  and  re- 
sidence. 
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Relations  with  the  Host  States 

The  Service  for  Relations  with  the  Host  States 
continued  its  task  of  representing  the  Organization's 
interests  before  the  French  and  Swiss  authorities  at  lo- 
cal, departmental  or  cantonal,  and  national  or  federal 
levels.  It  also  kept  in  constant  touch  with  the  French 
and  Swiss  elected  represent?  Jves  at  all  levels  and  with 
numerous  representative  organizations. 

The  Service's  work  coveted  problems  connected 
with  both  the  LEP  Project  and  general  administrative 
matters. 


LEP 

The  following  activities  relating  to  LEP  were  car- 
ried out: 

-  The  Service  was  responsible  for  solving,  and  helped 
m  dealing  with,  the  administrative  problems  arising 
from  the  opening-up  of  fourteen  LEP  work  sites,  in 
particular  with  regard  to: 

•  access  and  road  links, 

•  land-ownership  matters, 

•  tips  for  spoil, 

•  geodetic  and  mctrological  measurements, 

•  supply  and  draining  of  liquids, 

•  test  borings,  surveying  and  climatological  studies, 

•  accommodation  for  workers, 

•  protection  of  the  water  resources  in  the  Pays  de 

Gex 

-  Solutions  were  found  to  the  social  and  environ- 
mental problems  associated  with  the  14  work  sites, 
such  as  disturbances  caused  by  night  work  activity. 
In  this  regard,  the  Service  acted  as  the  channel  of 
communication  between  the  Management,  the  elec- 
ted representatives,  and  various  local  bodies. 

-  The  Service  was  actively  involved  in  p!anmng  the 
alignments  of  the  approximately  40  km  of  18/66  kV 
surface  power-tracunission  lines,  and  of  the 
mach;ne-control  system  (optical  fibres)  from  the 
400  kV  eiecLlcity  substation  zad  the  Control  Room 
situated  on  the  Prevessin  Site,  to  the  eight  LEP 
access  points.  In  this  regard,  the  Service  also  estab- 
lished initial  contacts  with  the  relevant  authorities 
(EDF,  PTT,  SNCF,  national  and  regional  autho- 
rities, and  elected  representatives). 

-  In  co-operation  with  the  appropriate  authorities, 
the  drinking-water  mains  in  the  Pays  de  Gex  were 
interconnected  to  prevent  disruption  of  supplies  in 
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the  event  of  an  accident  resulting  from  the  LEP 
construction  work. 

-  A  substantial  part  of  the  Service*!  activities  was 
associated  with  the  construction  programmes  fc; 
the  service  roads  to  the  access  shafts  and  with  sup^- 
vision  of  all  roadworks  associated  with  LEP. 

-  The  Service  was  responsible  for  the  management 
and  development  of  the  Saint  Oenis-Pouilly  indus- 
trial zone  with  a  view  to  the  establishment  there  of 
the  LEP  contractors. 

•  In  association  with  the  Commune  of  Gex,  a  caravan 
site  for  workers  was  set  up  in  Gex. 

-  The  Service  took  part  in  initiating,  drawing  up,  and 
filing  applications  for  building  permits  for  the  LEP 
access  points  with  the  appropriate  authorities,  and 
in  following  them  up.  The  Service  was  also  respon- 
sible for  ensuring  that  requests  for  amendments  to 
land-use  and  zoning  regulations  were  submitted  in 
due  and  proper  form. 

General  Administrative  Matters 

The  Service  continued  its  task  of  managing  those 
parts  of  the  French  site  under  agricutural  use.  Two 


meeting  were  held  by  the  Advisory  Committee  set  up 
to  enable  the  Prefectvie,  locally  elected  representa- 
tives and  representatives,  of  the  farmers'  unions  to 
express  their  views  on  problems  arising  as  a  rerJt  of 
CERN's  establishment  in  a  rural  area.  The  Committee 
examined  and  approved  proposals  concerning  wood- 
land conservation,  hunting,  and  the  preservation  of 
cultivated  areas. 


Scientific  Conference  Secretariat 

The  Scientific  Conference  Secretariat  organized 
the  1984  CERN  School  of  Physics  in  Lofthux, 
Hardanger,  Norway,  and  the  1984  CERN  School  of 
Computing  at  Aiguablava,  Spain.  It  also  assisted  in 
the  organization  of  the  Conference  on  Teaching 
Modern  Physics'  held  at  CERN  from  24  to  28  Sep- 
tember 1984  (see  Appendix  D). 

The  Secretariat  was  also  responsible  for  ihe 
material  arrangements  in  connection  with  the  CERN 
Colloquia,  Particle  Physics  Seminars,  and  Science  and 
Society  Seminars  as  shown  in  Appendix  B. 
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Appendix  A 


CEXN  REPORTS  AND  OTHER  MONOGRAPHS 

CERN  tun 

Hal,  E 

Computer  programs  in  accelerator  phyoc* 
CERN,  I  Feb  19*4  -  31  p 

(Lectures  given  « the  19*2  SLAC  Summer  Khool  oa  physsct  of 
high-energy  particle  accelerators,  tad  in  the  Academic  Training 
Programme  of  CERN,  19*2-1913.) 
Alto  pubusbed  in  Physics  of  Ugb-aMrfy  ptrtick  accelerators: 
Proceedings,  2nd  Summer  school  on  physic,  of  high-energy  particle 
accelerators,  Stanford,  2- 13  Aug  19*2 /Ed.  by  M  Month  • 
AIP:  New  York,  1913.  •  (AIP  Coof .  proc  ;  no  105)  -631-690 

CERN  um 

Find,  A;  Gocbd,  X.  HSfcrt.  M.  Rau,  0;  Schoobacher,  H; 
Stevenson,  0  R;  Sullivan,  A  H,  Svanton.  WP;  Tuyn.  J  W  N 

Radiation  problems  in  the  design  o  f  the  I  trge  Electron- 
Positron  colhder  (LEP) 
CERN,  J  Mar  19*4  -  93  p 

cern  tun 

Trotter,  D  A 

BST-  PINK  PANTHER,  en  intdUgent  CAMAC  crate 
controller 

CERN,  21  Mar  19*4  -  37  p 

CERN  >C4M 
Bryant.  P  J 

Introduction  to  transfer  hoes  and  circular  machines 
CERN,  3  Apr  19*4  -  60  p 

(Led ures  given  in  the  Academic  Training  Programme  of  CERN, 
19*3-19*4) 

CERN  $4-05 
Souveraia,  J 

Percages  et  alesages  d'un  tube  en  matentu  composite 
Kcviar-epoxy 

CERN, 30 Apr  19*4  -  6p 

CERN  M4K 
Bernstas,  J 

Neutrino  cosmology 
CERN.  30  Apr  19*4  •  73  p 

(Lectures  given  in  the  Academic  Training  Programme  of  CERN, 
19*3-19*4) 

CERN  144)7 

Bain,  0;  Bore,  C,  Ccotemans,  W;  Dupont.  J,  Fabre.  J  P. 
GavaggJo,  R.  Peroa,  F 

AutomatisatioQ  par  mKro-ordinateur  d'un  instrument 
geodeaxjue  de  mcsure  de  distance;  le<L-ttinvar 
CERN.  23  Jun  19*4.-  30  p 

CERN  144* 
Petscsi,  A;  Sauu,  F 

Drift  and  diffusion  of  electrons  in  gases;  a  cotnptlauoa  with 
an  introductioo  to  the  use  of  computing  programs 
CERN,  13  Jul  19*4  •  127  p 


CERN  Publications 


CERN  84-09 

CERN.  Geneva 

Hanoi,  H;  Schacbcr,  Jfeds} 

Proceedings,  4th  Topical  workshop  on  proton  -anuprotoo 
colbder  phy»a,  Bern,  54  Mar  19*4 
CERN, 8  Aug  19*4  -  3»p 

ECFA  *4-*5  v  1  ,  CERN  14-10  v  1 
CERN,  Genera 

Proceedings,  v  1,  ECFA-CERN  workshop  on  large  hadrof 
colbder  In  the  LEP  tunnel,  Lausanne  and  CERN,  General -27 
Mar  19*4 

CERN,  5  Sep  19*4.  -  361  p 

r^A*4-*5v2 ;  CERN*4-I0v2 
CcRN,  Geneva 

Proceedings,  v  2,  ECFA-CERN  workshop  on  large  hadron 
colbder  in  the  LEP  tunnd,  Lausanne  and  CERN,  Geneva,  21-27 

CERN,  5  Sep  19*4.  -  240  p 

CERN  S4-1 1 
Chattopadhyay,  S 

Some  fundamental  aspects  or  fluctuations  and  coherence  In 
chargcd-partlde  beams  in  storage  rings 
CERN,  t  Oct  19*4  •  155  p 

(Invited  contribution  to  tne  Proceedings  of  the  19*3  Summer 
school  on  physics  of  high-energy  particle  accelerators,  Upton,  6-1 6 
Jul  1933) 

CERN  84-12 
Carpenter,  B;  Csilbau,  R 

Software  support  for  Motorola  68000  microprocessor  at 
CERN;  CERN  convention  for  programming  the  MC68000  family 
CERN.  20  Nov  19*4.  -  20  p 

CERN  84-13 

Jacob,  M;  Jobnacn,  K 

A  review  of  accelerator  and  particle  physics  at  the  CERN 
Intersecting  Storage  Rings  hinted  talks  at  the  last  meeting  of  the 
1SR  Committee,  27  Jan  19*4 
CERN,  30  Nov  19*4.  -  81  p 

CERN  84-14 

Bianchi-Strdt,  M.  Black  burse,  N;  Bride,  R;  Rehx,  H;  SagneU,  B, 
Scanned ,  H.  Schorr,  B 

Economic  utibtyresukisg  from  CERN  contracts;  second  study 
CERN,  II  Dec  19*4.-  24 p 

CERN  84-15 

CERN  Geneva 

Bryant.  P.  Newman,  S/erfr/ 

Proceedings.  CAS :  CERN  accelerator  school  -  antiprotons 
for  colliding  learn  facilities,  CERN,  Geneva.  11-21  Oct  19*3 
CERN.  20  Dec  19*4  -  556  p 

CERN  84-16 

Carpenter.  B  E.  Cailliau.  R,  Culsinier.  G;  Reamer,  W 

System  software  of  the  CERN  Proton  Synchrotron  control 
system 

CERN.  20  Dec  19*4  •  4*  p 
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CERN  HERA  84-01 

Flananio.  V;  Moorbcad.  W  O:  Mormon.  D  R  O 
Htgb-Enctgy  Reactxwu  Analysis  Group 

Cctr*rpilatlc«  of  cross-sections;  3,  p  and  p  induced  reactions 
CERN.  17  Apr  1984  -  322  p 

Bergere.  R;  Costa.  S;  Schaerf.  C/adr/ 

Proceedings,  International  school  of  inttnocdiKc  energy 
audeaj  phytic*.  San  Miniato,  19-21  Aug  19(3 
Singapore :  World  Sd..  1914.  -  440  p 

CERN.  Geneva 

Experiment*  at  CERN  in  1964 
CERN.  Nov  1914.  -  327  p 

Conmiaaion  of  the  European  Communities 
Hint.  M  O  N/W/ 

The  Stella  experiment;  final  report 
CEC.  29  Jul  19*4.  -  multiple  paguauonfEUR  9090) 

Dewitt.  BS;  Store,  9.  feds/ 

RelatWty.|roop*andtopok>ty,2;  Proceedings,  40th 
Summer  achool  on  relativity,  (roups  and  topology.  Lea  Hooches, 
27  Jun-4  Aug  1983 

Amsterdam: North  Holland,  1984.  -  1322  p 

Gastalds.  U;  Klapiach,  Kfedsf 

Phytic*  at  LEAR  with  low-energy  cooled  an  Jprotooi : 
Proceeding*.  3rd  International  tchool  of  phrnct  of  exotic  atom*  - 
workshop  on  phytic*  at  LEAR  with  low-energy  cooled  antiproton*. 
Erice,  9- 16  May  1982 
New  York  Plenum,  1984.  •  198  p 

Cervai*.  J  L;  Jacob.  M/aty 

Noo-lmeax  and  collective  phenomena  in  quantum  physics;  a 
reprint  volume  from  Phytic*  Report* 
Singapore :  World  Sd..  1983  -  514  p 

Setti.  O;  Van  Hove,  Lfedsf 

Proceeding*.  1st  ESO-CERN  sympottum  on  large-scale 
structure  of  the  universe,  ccemology  and  fundamental  phytic*. 
CERN,  Geneva,  21-25  Nov  1983 
Garchinf :  ESO.  1984.  -  455  p 

Zuber,  J  B;  Store.  9.  feds  J 

Recent  airanoes  in  field  theory  and  statute*]  mechanic* , 
Proceedings.  39emc  Ecole  d'etc  dc  physique  tbeorique.  Let 
Houchea,  2  Aug-IOSep  1982 
Amtterd-m- North  HoUaid.  1984.  -  871  p 


PAPERS  PUBLISHED  IN  SCIENTIFIC  PERIODICALS. 
BOOKS  AND  CONFERENCE  PROCEEDINGS 

Aaroio.  P.  Ranft.J 

Shielding  ami  proton  beam* 
Particle  acctt  18  (1984)  5-12 
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Abramowicz,  H.  Hxnji-kozanectl.  O;  May.  J;  Paiarri,  P; 
Para,  A;  Ranjard.  F.  Savoy- Navarro.  A;  Schlatter.  D; 
Stanbergcr. S;  Taureg.  H;  voo  Rudcn,  W;  WahL  H;  Whrtaker.  S. 
Wotaciack,  J;  BIQmer,  H;  8uddkot2.Pl  Duda,  J;  Eiaek.F; 
ICWnknecht.K;  Koobloch.  J;  Liert,  H;  Psaola,  B;  Renk.B; 
Dydak.F;  deOroot.  JOH;  FV*tmann.T;  Oewerdgcr.C; 
Hepp.  V;  a^otikowski,  J;  Ittet,  K;  Debu.  P;  Ouyot, C; 
Merio.  J  P:  Perez.  P;  Peyat  \,  B.  Raader.  J;  SdruQer.  J  P; 
Tmiay.R 

Measurement  of  neutrino  and  anrineutrinosrxucrnre  functions 
to  hydrogen  and  boa  fExp.no,  WAIJ 
Z.Pkj*C  25  (1984)  2943 

Abreu.  M  G.  Armstrong,  T;  Bauhflber.  M;  Beoach,  W;  Bums.  A; 
Erachaldat.  N;  Gage,  j;  Jachottowski.  A;  Knodaoo,  1C; 
Otwinowtld,  S;  Perrin,  D;  Palano.  A;  Pimenta,  M;  Querrigh,E; 
Strachman.  Z;  Sxeptycka.  M;  Tkaczyk.  S;  Wakzak,  R;  Zitoun.  R 
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Zacharov,  V 

Telecommunications  and  computer  networks 
Data  acquisition  in  high-energy  physics;  Proceedings,  44th 
International  school  or  physics  'Enrico  Fermi',  Varenna, 
2gJul-7Augl941/Ed  by  O  Bc4ogna  and  M  L  Vincelh. - 
Amsterdam:  North  Holland,  1943.  -  351-  394 

Zavatuni,  E 

Muoo -electron  universality  and  PCAC  in  muon  capture  in 
hydrogen 

Proceedings,  International  school  or  intermediate  energy  nuclear 
physics,  San  Mlnialo,  19-2S  Aug  19«3  /  Ed  by  R  Bergere,  S  Ccsta 
'jvJCSchaerr  -  Singapore:  World  Sd..  1944.  -  345-395 
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Ziduchi.A 

The  iJonoux  days  of  physics ;  professor  Dirac's  buihday 
Gauge  inter  acooru'  Proceeding.  International  school  of 
subnuckar  phyocs.  Erice,  3-14  Aug  1982  /  Ed  by  A  Zichidu.  - 
NewYorfc  Plenum.  1984  -  741-745 


Ziduchl.A 

Special  setuoo  on  syruraetrKS  and  gauge  mwuoa 
G*mc  interactions:  Proceedings,  International  tchoot  of 
subnudear  physics,  Eric*.  3-14  Aug  1982  /  Ed.  by  A  Zichichi.  - 
New  York-  Plenum.  1984  -  773-740 


Zua.P  A 

A  KsJuiaKlem  picture  of  electric  magnet*  duality  in 
supertymmctry 

Nuci  phys.B  228  (1983)  229-241 


Zoupanot,  0 

Echo-quarts  and  dynamic*)  ryrametry  braking 
Pheoomeaoloty  of  unified  ibeorka  -  from  standard  model  to 
supertymmctry:  Proceedinga,  Topical  ©onfereoce  on 
pheflomenoloKy  of  unified  theories,  Dubrovnik.  22-28  May  1983  / 
Ed .  by  H  Gabc,  B  Ouberina  and  D  Tadsc .  -  Smgapore :  World 
SdM  1984  -  275-280 

Zumerk.O 

LEBC  -  EHS  CoUaborarJoo 

Recent  retuto  from  the  experiment  NA16  {Exp.tto  NA16J 
The  learch  for  charm,  beauty,  and  truth  at  high energiet: 
Proceedings.  Europhyiics  study  conference  on  Uah-energy 
physics-  the  search  for  chann,  beaaty,  and  truth  at  high 
energies,  Erice,  1 5-22  Nov  1911  /  Ed.  by  O  Bettnl  and 
SCCTing  -  New  York:  Plenum,  1984  -  (Ettore Major*" 
international  science  series.  Physical  sciences;  v  16).  -  145-155. 
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Appendix  B 


♦Seminars  aiJ  Colloquia 


EXPERIMENTAL  PHYSICS  SMNAJtS 

M.ChcmtftB(lBft.dcPhyii4«NudteirtdeLroa)(!6.i ) 
ChannoalwnattbelSR. 

H.Nowak  (CERN)  (23.1.) 

Production  of  charmed  lambda  beryons  at low  energies 
J.  Mr««  (DESY  and  CERN)  p0.| .) 

Results  oa  hfdoatttrim  i*mmt  in  two  photoo  Interactions  at 
tb<  fLUTO  deurtor  «  PETRA. 

O.  Snow  (Rockefeacr  University)  (6.2.) 

Photon  diffraction  diasodetJoa  in  a  higb-pmsurc  hydrogen 

ptoktk«rt>— bar. 

P.B.  Price  (CERN  tad  Univ.  of  California  at  Berkeley)  (20  2  ) 

Searches  f or  OUT  nonopoka  at  a  flax  below  the  Parker  tart. 

T.  Lohte  (Dortmund  University)  (27.2.) 

Productifs  of  ^iaJ^-tianffvane^nocnctttwn  beryoos  and  mesons  In 

dacp  faetastic  hadronk  faMcdonj  at  the  ISR. 

M.  Man  (SUNY.  Stony  Brook)  (2J.) 

Tte  DO  project  -  Physics  at  2TeV. 

A  Uoc^(CXRN,aikd£cokPc4ytecbj^ 
Performance  of  *  rfoc-imafiQg  wster  Chcrtnicv  prototype. 

N.Wcrmes<SLAC)(l2.3.) 

Reauks  on  giuebtB  searches  and  D  phytic*  from  MARK  III 
M.Hekka(CERN)(i9.3.) 

Study  of  charmed  particle  production  at  the  Spot  Field  Magoc* 


P.  Bockmann  (CERN)  (2.4.) 

Results  from  AJtOUS  at  PETRA. 

C.  wo  Camera  (Rockefeller  University)  (9  4 ) 

Studies  of  hfeb-pi  and  Ef  phcnomeni  In  pp  and  pp  loteractiocu  at 

the  ISR. 

L.  Oatitnoo  (CERN)  (16.4.) 

laduirve  aetoo  productioo  InK'p  interactions  at  70  OeV/c. 

R .  Brun  (CERN)  (21 .5.) 

Flnt  rendu  oo  CHARM  from  NA27. 

G.  Herten(CERN)(4  6) 
Recent  reaulu  from  MARX  J 

H .  J.  Bwtkbafl  (CERN)  ( 13.6  ) 
C*servntion  of  the  charmed  strange  baryoa  A  * . 
K.  Frtodenreich  (CERN)  (11.6 ) 

Obaervatioo  of  scaling  violations  In  the  hadronic  production  of 
Mgh-maai  cUmuoco. 

A.  Pdatrt  (MPI,  Munich,  and  CERN)  (23.6 ) 
Reaulu  on  the  ALEPH  model  TPC:  the  TPC  90. 
S  Lloyd  (Oxford  University)  (1.1.) 

Latest  T\SSO  reaulu  oo  the  fragmentation  of  charm  and  bottom 
quarks 


•  Not  published. 


P  Stcfreo(CERNandDESY)(167) 

Determination  of  the  B  uptime. 

K.Wendt  (Mainz  University  and  CERN)  (13.1 ) 

Laacr  spectroscopy  at  ISOLDE:  The  study  of  nuclear  properties  far 

off  stability. 

R.  WOsoo  (SLAQ  (T7.|.) 

ASP.  i  new  PEP  detector  to  search  for  single  pbotons 
E.Lancon(S*dty)(10,9) 

Inclusive  particle  production  in  U  A2  at  the  SpffS  collider 
A.  Palano  (Dept.  of  Physics  and  INFN.  Bari)  ( 1 7.9.) 
Obaervatioo  of  the  E  meson  in  central  production  and  dctermJ* 
nation  of  its  quantum  Bombers. 

K,  Einsvetier  (CERN)  (22.10  ) 

Radiative  1/+  decays  to  two  pecudoesalar  mesons 

P.  Reotoo  (Oxford  Uidrereity)  (5.1 1.) 

Hadron  production  In  2*0  OeV  muon*protoo  scattering 

T.  Botogncee  (DPHPE,  Saday)(l2.1l.) 

QCD  effects  and  noo-pcrturbatJve  effects  in  deep-uelastk  neutrino 

and  antln<utrtno  charged -current  Interactions. 

W.  Heck(FreiburtUnrversfty)(19.Il ) 

Larfe^ranivcrse-cnoaketitum  direct  photon  and  r*  productioo  in 
r  *  p,  w  *  p.  and  pp  cothsions  at  the  SPS  at  300  OeV/c. 
H.Boeroer  (CERN)  (3.12.) 

Drift  chambers  and  cherry  blossoms-- ex  triments  at  the  e*e" 
collider  TRISTAN  in  Japan. 

A  C.  Schaffcr  (Columbia  University)  (10. 1 2  ) 

A  search  for  Kkc-eign  dileptoo  productioo  by  neutrinos  In  the  15  ft 

bubble  chamber. 


COLLOQUIA 

F.  Levi  (University  of  Perugia)  (2S.2.) 

Oahleo  Oalild  and  experimental  science. 

S.  Karocbe  (Ecole  Norm  tie  Supericure,  Paris)  (I  3.) 

Rydbert  atoms:  Atomic  physics  on  a  giant  scale 

H.  ScxJ  (Vienna  University)  (29.3.) 

Phyics  imports. 

D.  IQeppoer  (Lab.  de  Spectroscopic  Hertocnnc,  Paris,  and  MIT, 

Cambridge)  OO  4) 

Spin-polarized  hydrogen 

R.  Rufnri  (Rome  University)  (17.4 ) 

Galaxies-  Testing  ground  for  -inos 

M  Markus  (MPI  for  Nutritional  Pbysk4ofy,  Dortmund)  (19  4.) 
Chaotic  dynamics  b  sugar  metabolism. 

W.  Oretner  (Johano  Wotfgang  Ooetbe  Univerotit,  Frankfurt) 
(22.5.) 

The  supercritical  electric  fWd. 

W.  Weidlich  (Stuttgart  University)  (12.6 ) 

Concepts  md  models  of  a  quantitative  sociology 
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M.  Rea  (Institute  of  Astronomy ,  Cambridfc) (36  6 ) 
Black  bok*:  the  central  engine  In  quturt  tad  galactic  nucki . 
A  Dar  (Tcduuoa,  Haift)  (36.7.) 
Uhrabi*h  cwriy  oevtrbo  pfey^kj  end  wtrooocry. 

P.  Meyer  (Banco  Fermi  Institute,  Chicago)  (11.9) 

Recent  work  oo  sohr  neutrons  tad  on  tbebebum  botopa  in  tbc 

aalactk  cosmic  raya. 

W.K.H.  Psnofsky  (SLAQ  (37.9  ) 

The SSChijh- energy e*c-  colbVfcrs  and  aB  that. 

HO.  Wustcr(JET)(3<>l|) 

The  JET  project.  resulti  and  probkme  of  first  year  of  operatxxi. 
R.M.  Bonnet  (ESA,  Para) (4. 12.) 

Achievement!  and  prospects  of  lb*  European  Space  Agency  acka. 
tific  propamine. 
Hobd  lectures  (It.  13) 

5»  via  der  Mccr  (CERN)  Stochastic  coolinf  and  the  accamulatioo 
ofamiprotoot 

C  Rubble  (CERN)  ExpmmenuJ  observation  of  the  intermediate 
vector  bosons  W  and  Z 


SCIENCE  AND  SOCIETY  SEMINARS 

Seminar  in  honour  of  A.  Sacharov's  63rd  birthday  (X  N 

S  L  Glnshow  (Harvard  University)  Encountcn  of  v     1  Earth 

with  quark -matter 

A.  De  Rdjula  (CERN)-  A  singular  man 

A  R  oocn  (Netherlands  Organization  for  Appbed  SocnUfic 

Kc%CAich.ru  Hague)  (24,9  ) 

The  Impact  of  gcoctk  engineering  oo  science  and  toacty 

W.K  H.  Panofsky  (SLAC)(36  9.) 

East*  West  strategic  arms  race 


f  ARTICLE  PHYSICS  SEMINARS 

D  Cbor (University  of  V/bcocmn.  Maduoo"IC  I.) 
Status  of  the  search  for  baryoo  dec*/ 

B  A.  Andcmo*  (Lund  UoKei tit'// (12  I.) 
Coofloement  .,  c*  polaruatLn 

R.  St  rub  (Centre  de  Recfaerches  1*  nwxxrt*.  Strasbourg)  (16  3 ) 
Study  of  16000  0"  decays  coUccvrl  in  die  CERN  SPS  byperon 
bout, 

M.  Vdtman  (University  of  Michigan,  (34.3 ) 

Bound  states  of  vector  bosons. 

A  Z>cfcichi(CERK)(i.t) 

The  end  of  a  myth:  high  pr  physics. 

WT  rord(Uwvatityo'Cciorido,  wukur)(»J  3  > 

Mestmnmefr  4  the  B  bf««me  vit>  j«AC  at  PEP, 

1  CsJtjen  (U v txocx  fcrrkeky  Laboraf  a-y)  (ZS  3  > 

Ztctt.t  rcsulu  from  tit  "iPC  ekicctor  at  PEP. 


A.  Roussark(Sncfey)(30.3.) 

Large  mass  ckctron-oeutriao  pairs  from  UA2. 

J.  VanderVetdc(Orsay)(l2  4) 

U*st  results  from  the  1MB  proton  decay  detector. 

F.  Pause  (C?RN)  (36.4) 
Latest  reauhs  *vm  UAl. 

W.  Fetschci  (LTH  Zurich)  (1 5.) 
Extermination  of  the  buoo  decay  parameters 

A.  OeRoJute  :CERN)  (15.5.) 

Neutrino  and  muon  physics  is  '.he  collider  mode  of  future  accelera- 
tors. 

Y  Drdab  (Centre  de  Physique  de*  Particuks,  Marseulc)  (34. 5.) 
Indications  for  neutrino  osdQations  a  the  Bogey  re*r-v  experi- 

O.  AitanU  (Rome  UaJvertity  and  CExN)  (39.5.) 
Electroo-pcfXoo  t-iysics  at  future  colfcJers. 

D.  Wmettin  (Enrico  FermJ  lascnute  and  Dept.  of  Physics,  Univer- 
sity of  Chicago)  (19  6.) 

An  experimental  detw-i-matioc  of  «7«  ta  tbc  neutral  taoo  rystem. 
'\Bagnala(CERN)(2».6.) 

l^cstre-utaca)eUfromibeUA3experimertatlheC^RN 
p;  ,*Xon-antiprotoa  c^hJer. 

R.F.  ScbwVters  (Harvard  UaKerstty  and  Fermikb)  (31.6.) 

Plans  and  progress  oo  tbc  Tcvatroo  coUider  program  at  FermDab. 

M .  Delia  Ne^a  (LAPP,  Annecy  and  CERN)  (3.7.) 

Observatioa  of  isolated  Urge-timnsverse-moenentum  kptoos  with 

two  associated  jets  fa  the  UAl  experisncet. 

K  ^P.  Strcsf  (Heidelberg  University)  (J. 7.) 

New  reauhs  on  baryoos  with  charm  and  straagcsMas 

D.  Atkinson  (University  ofOrooiagen)  (14 1.) 
Poseibk  kft-dghi  rymmetry  acd  beU  decay. 
J.Roaner(Lhirversitrofaikago)(l6.6.) 

Heavy  neutral  kptoos  tod  new  range  bosons:  Some  experimental 
prospects  for  the  rest  of  the  't0*s. 

E.  Bloom  (Stanford  University ;  (4.9  ) 

Evidence  for  a  narrow  massive  state  in  the  radiative  decays  of  the 

upaUoo. 

E  H .  Bellamy  (Weetfkk*  College,  London)  (13.9.) 
Measurement  of  the  nfc*  <  form  factor. 

B.  Foster  (Univerrty  of  BrkWat,*  DESY)(II.9 ) 

Experience  and  dfttime  rasawirtimm  with  the  TASSO  vertex 
detector. 

L.  Pettier  (Laboratdf*  de  Spectroscopy  Heetzkonc  de  I'Bcok 
Nonnak  Superkure,  Paris)  (2, 1 0 ) 

Measureuv^t:  of  parity  4o*atioo  in  the  caesium  atom:  a  low-q  test 
of  ckarowuiA  uniflcatkm. 

A .  D.  Krfccfc  lUchersti)  >*  Michigan)  (4. 10.) 
Hi*Mranrms^mcmentum  sow  phytic*  arsO  the  AOS  poiarired 
proton  beam. 

E.M.  Henky  (L'ttKertfty  of  Vashmgton  and  Unhentty  of  Tubin- 
gen) (1 1. 10) 

Tests  ui  ekctr.weak  inf  a m  -  ocu  *  ah  ekctrons  frco  atoms  to  Ugh 

CPOgKS 
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C.H.  LkwtDyn  Smith  (Oxford  University)  (1311.) 
What  can  we  learn  from  the  EMC  effect? 

R.  Uodu(CERN)<37.l  I.) 

The  X-«7  spectrum  of  antipreKocuc  hydrogen  formed  tn  Hi  gas 

V.  Zacck  (Technical  University.  Munch)  (I  I  12.) 

Search  for  Deutrino  caoUationi  H  the  Ooaget.  power  reactor. 


COMPUTES  SEMINARS 

P.  Stock!  (IBM  Zonch  Research  Laboratory.  ROschhkoo.  S  witter- 
land)(ll  I.) 

The  integration  of  text  and  image  and  Hi  appbeattoo  to  <  gweering 
documentation. 

J  Sveotek  (Lawrence  Berkeley  Laboratory.  Battky.  USa)  (4  4 ) 
Distributed  rywema  research  s*  Lawrence  Berkeley  Laboratory 
X3J  3  Cnomhtec  Members'  J.  Adams  (Colorado  State  University): 
N  Marshal]  (EGJkG).  J.  Wagenet  (Amoco).  C  Paul  (ISM  York- 
town  Heights)  (13  4) 
FORTRAN  forum 


BJ  SuxJnci  (NYCB  Real-Time  Computing,  Port  Waihinjjoo. 
USA)  (2.5  ) 

Future  uses  tor  FASTBUS  and  other  data  acquisition  Interconnec- 
tion* 

i.D  Bruce  (MaaMchuaseU  Institute  of  Technology.  Cambridge. 
USA)  (I  J  6) 

Computer  networks  at  MIT. 

A.  Colmcraucr  (Facuke"  dea  Sciences  de  Lummy.  Marseille,  France) 
(20  6.) 

PROLOG  m  10  figures. 

T  J.  Ionian  (AT  AT  Bed  Laboratories.  Murray  HQl,  USA)  (26  9  ) 
UNIX  tth  edition 

E  Oemend  (IBM  lOnaatoo  Laboratory,  USA)  (5.10.) 
Experimenting  with  parallel  com putmj. 

T.  Nash  (Fermi  National  Accelerator  Laboratory.  Batiria,  USA) 
(10  10.) 

The  A  CP  muh  ioroorsaor  project  at  Fcrmilab. 

R  w .  Puk  (Independent  Consultant  -  computer  graphics  •  rstems 

architect  urn)  (7.12.) 

Oiaptucs  standards  after  GKS 

D  L.  Nelson  (A    "c  Computer  Inc.CheJnnford.USA)(l3.l2.) 
Emergence  of  •  ^►xv'xxu. 
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Appendix  C  'Training  Programmes  1983/84 


ACADEMIC  TRAINING 

Lectvrt  Series  (70  jmesv  96  kctwrs) 

Gauge  ihcockt-  basic  ooocepu  tad  cxpcr-i-c-atal  consequences 
O  Ahar-dli  (University  of  Rome  tad  CERN)  (6  lecture*) 

Hlgh<nerfy  physics  after  the  d-acovery  of  the  W  tad  Z  particles 

L.  Via  Hove  (CERN)  (4  lactam) 

Mcuopoka 

P.  MumcC.  D.  NtaopouhM  (CERN)  0  lectures). 

k  wroductioo  to  transfer  fanes  tad  circular  machines 

Pb.  Bryant  (CERN)  (4  lectures) 

Tbe  experimental  appro**  io  W  and  Z  physics 

P.  DarTtalet  (CERN)  0  lectures). 

SutisticalerTor  estimation 

M.  Root  (Unl  xnky  of  HeUakl)  (6  lectures) 

Traltemeot  thennomacaaiques  des  albages 

Effets  sux  ks  proprietes  mocaniquea 

W.  Bene*.  B.  Dschncr. 

R.  Sdulkr  (EPF,  UuataM)  (9  lectures) 

ProframmJnt  for  tbe  Motorola  <I000  microprocessor 

H.  von  Eicken  (CERN)  (4  lectures) 

Pancn-pertoe  scattering  in  hadronic  collisions 

R.  SomowskJ  (Warstw  Nudetr  Research  tad  CERN)  (J  lectures) 

Neutrioo  cosmologx 

J.  Bernstein  (Steven*  Institute,  Hoboken)  (4  lectures). 
Track  recognition  and  event  reconstruction 
E.  Dahi-Jenaea  (University  of  Copeohtfea) 
M.  DeDa-Ncfra (LAPP.  Attaccy,  tad  CERN) 
H  Grote,  W.  Kriscber,  A.  Norton  (CERN) (7  lectures) 
Numerical  methods  for  dau  and  function  approximation 
M  O.  Cox  (National  KryafcaJ  Lab  .  Teddinjtoo)  (4  lectures) 
Identifying  and  assessing  ruks 

T.A  Klctr  (Unjvmity  of  Technc4ogy.  Loughborough)  (5  lectures) 
CP  violation 

A.  Zyiberstejn  (CEN.  Sadty),  and 
J  R  Bin  (CERN)  (J  lectures) 

Rtftatjet  ecfaantiOoanes.  Trattement  dans  I'espace  d'etat 

H.  Bubler  (EPF.  Uu«taae)(t  lectures) 

Beam*beem  interactions 

J.F.  Schoofdd  (Fermflab)  (J  lectures) 

Medium -range  weather  forecasting; 

A  Srmmoos  (ECMRWF.  Readujg)  (5  lectures) 

Fusion  reactors 

R.S  Pease  (Cuiham  Laboratory)  (5  lectures) 

RdativtstK  nudear  collision* 

H  Gutbrod (OS! .Darmstadt) (3 lectures) 


•  Tbe  titles  of  the  course*  and  lectures  art  given  la  the  language  used. 


Searching  for  the  qu*rk-fiioon  plasma  it  CERN  and  djewbere 
M  Gyulassy  (LBL,  Berkeley)  (3  lectures) 

(Audience*  marimurn  300  -  minimum  7.) 


TECHNICAL  TRAINING 

Caaaaaa 

Methemetics- Physics 

Introduction  •  U  physique  des  particuJei 

J  P.  Lagnaux(92h) 

Champa  magnetiqoes  et  aimanti 

F.Rohaer(40h). 

Atelier  dc  statistiques  appliqucc* 

C.  Lduc.  W.Leo  (40  h) 

Computer  Science 

Initiation  i  I'mformaliquc  rt  aux  techniques  dc  programmatioo 

T. D'Amko,  H.  Sfcttfnhaar  paesafcosof  40M  seasionof  tCh). 

IntroductiOL  to  competing  and  programming  techniques 

H  ^ettmhaa/  Q  aratinru  of  40  h.  1  session  of  «0  h) 

Introduction  au  material  infonnarjque 

H.  Skttenhaar  (I  seasionof  40  h). 

Programmatic*  an  Ufnc  et  temps  rid 

J  A.  Bocaerts.  A.  Lacoun(IWh). 

Mctiiodolonjcdekprogrammatsoo 

UZtffaloo(40h). 

Proajtrnmailoa  en  Pascal 

M  Cousin  (2  session*  of  36  h) 

SCRIPT 

J.Oambk(40b) 

WYLBURavanoe 

B.PoUennaan(4t  h) 

Mjcroprocesseurs  16  bits:  fonctiocn/ment  et  utilisation 
O,  Lhzbcorf,  C.  Guillaumc  (2  sessions  of  tl  h  ♦  5  h  of 
introduction  to  WYLBUR) 

Electronics 

Laboratoiro  d'electronlque 

S  Cairanti,  R.  Plattcaux,  J. P.  Bertuzo.P.  Ccnnini 

(2  session*  of  tth). 

Systemc*  noo-hneairts  et  cchantfltoones 
O  Btribnud,  Ch.  Bcrturti  (M  h). 
Microprocesaeurs  •  bit*:  applications 
J.Fcyl.G  Mugnai  (2  sessions  of  40  h) 

Mechanics  end  courses /of  medumiciem 

Soudurc:  Initiation 

Lycee  de  Beflejarde  (70  b) 

Soudurc:  Perfectionnement 

LvceedeBcBefarde(70b) 

SoudabiUte  et  precedes  de  soudurc 

J  J  Chcnc(40h  ♦  preparation  for  E.1 0.21b). 
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TirHf?MM  <ruifMimiu«  et  de  sudsticjue* 
A.  irlsaaaaand.  A.  Ucoaxe,  0  Itodsckcr  C»  h) 
Uf omiricjM  adatfsktretivc:  WYLBUK 
N.  Mk»wk  (2  mmkw  of  34  k) 

Ml  peook  nwd  id  tat  ladatical  comm. 
l.slii  i 

Ekctioaiqat  tie  pukwaoi  • 
H.FoduM.MettQ  Nations  of  30  h) 

Chap*tmc*jon*saes*i»e*s*rJc^ 
TMrfmlM  *  Laplace  «  atrki  dt  Fouri« 
L.  Rtooifi,  M.  Martial  (30k) 

Notions  4c  *****  at  d'tatlgrak* 

J.P.  DoJty.  B.  FrtMcry  (20b) 
LorlniKAtocoa 
O  Ulaa%P.Roaa(l2h) 
Us  fibm  optionee 
O.  Chnrtier.  P.Facq(Ub) 

kttoduction  i  to  coHMde  auatiriquc  dec  nachtocs-outih 
M.  Magtua,  J.  Oagaato.  D.  UTfret  (30  h) 
Lc  CERN  «t  tot  coatrau  d'cntreprise* 
dfrmtotcrm>AnathjCEXN(-  I6h) 

!51  people  attended  the  technics!  seminars. 


MStOKAL  SULL8  AND 
MANACIMXNT  TQAIN1NG 


Techniques  d'c«»dr*n>es*— par  Pierre  Artiguet, 
*  sasisan  of  5  d*yt,  70  partidpcnu 

Rbetoricruc  ct  preateutioo  tfrVscee— par  Ckuco  Cumti, 
1  ifkuof  IdayQpistidpant*. 

Ruaatog.  Md  cc*tribatinn  to.  Dxattogs—  *1  Stephen  Alkadcr. 
1  stntoir  of  3  day*,  •  participant*. 
Secretarial  rlcvtiopsneaf— *y  Nhto  Charvtt. 
1  ecauMr  of  3  days,  12  participants 

Supervisor  training -.by  David  Oration, 
4  *catiaan  of  5  day^  40  participant*. 

Coon  pour  aecrttairoi— par  Sheik  Rote, 
Sscnuaanof  3dayi.3lpartkfeaat* 

MfchoteMpntlqDCidt  *•  i*»otittJoo— par  PhlHipe  Pigaflet. 
1  scatiaar  of  4  days,  •  participant*. 

Vk.  stmctisrc  ec  performance  d'«n  groupe — per  fhem  Ariifuei. 
I  amtoar  of  4  dayMO  participant* 

La  relation*  kucrpenooadkf  dtai  k  cadre  da  crinU — per  Pierre 
Artigues, 

I  seminar  of  4  days,  lOpartkfcnau. 

Mod  temtnart  art  preceded  by  bdividna)  interviews  Of  inform*- 
tioo  BweUaci  «t  foOowcd  4  lo  6  mown*  later  by  one-day 
'foOor-up'  sessions  These  arc  not  counted  to  ibe  statistic*  above. 

248 


CERN  I'/KVtEft  STUDENT  LECTURE  IVOCBAMBaX 

CERN  at  the  frontier  of  particle  phytic* 
P.Darrtutot(lkctort). 
latrodnction  to  particle  phytic* 
J.D.  Jadcsoaatcctam). 

Csartse 

Ekctroak  dcMOart,  toatruanes*atioa,  aaddauasqaiaUoa 
C.  Fabtofl  (3  bctqm).  W.  M  (1  ket«re).  D.  Bartkhart 
Oketurat), 

A.  Bogacru(l  Iectare),aaoa0ioaccaer(l  danooscatioa). 
Ptrtictni  aad  ijnmtrtoi 

V.F.  Wctofkopf  (I  kctum). 
Hadroak  kasracdoua 

L.  CunOkrl  (4  kcturw).  T.  dd  Pmc  (I  kcture). 

Aa  introduction  to  acockrators — past .  present  tad  future 

E.  W0soo  (4  kcturw). 
rtighhgkt*  to  e '  e  "  phytic* 
W.D.  Schlatter  (4  kcturo) 

Saadaan 

Moatc  Carlo 

F.  Jfcaes  (2  kcturcs) 

Underground  experiment*  to  Europe — status  end  perspective* 
E.Urocd  (I  kcture). 

Mustog  trssnverse  snoaacoton — a  signature  f or  new  phytic* 

P.  Jcaai  (1  kctart). 

History  of  U*W  aad2f  ssarcb 

C.  RubbtoO  kctart). 
EMiiik^ioa0acrattijwajetrk»(PCn 
V.L.TakatilOkctarw). 

physics  wfck  kw-eaergy  *errjpn*on*  *>  VAR 
LTanaoharQkctaras). 

The  ISOLDE  programme  -  stadk*  of  exotic  oucki 

B.  Jcurja  Q  ketone). 

Mckica  the  vacaan  with  auckar  cottsioas 
W.WUk  (I  kctart). 

EJtptiiuwatri  Marrhra  for  acutrtoo  osculations 

j.Wotaca)ack(lkcturt). 

Hkb  lawgyphyaVa— wharckhaototT 

H.Schoppcr  (I  kctart). 

WioVarta  actvorttog  for  physics 

P.  H0ckia*r(l  kcture). 

Production  of  heavy  flavoon 

D.  TrtOkd  kcture). 

Tanc  aa  »  dysankal  varlabk 
T.D.  Las  (I  kcture). 

Other 

Phytic*  and  Society 

V  F.  WcJatkopf  (I  discuaaoo  section) 

Students  Sestioa 

A.  Prces.  S.  Haywood.  L,  Hcrva*  (3  presentations). 
(Average  attendance:  125;  a  jcbnwn  207;  mtofanum.  65  ) 
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AFntDmcESHirs 


Ntmbtr  sJw  i  ntkafrom  Strtimbr  IW  to  Ajtpat  19*4: 23 


/-    j-  r4 

ymr     ym     yrtr  yrtr 

Tout 

laborant 
ca  Phyikpe 

y      i  i 

9 

M&anJden- 
fiectroooeo 

4        4        3  3 

14 

The  three  apprentice*  ,'M6=ankkm»Bectroojden»"  «bo 
completed  then  apprenticeship  in  1914  obtained  the  "Certificai 
fMcral  de  Capacke" 


CCNOtAL  EDUCATION 

1.  Taftj 

•  "Sdww  fm  too »".  by  It  Obwh! 
A  aerie*  of  36  tatti  (a  French  intended  primarily  for  people 
with  do  tcfcnrllk  trainin*. 

(Between  100  and  200  r*rKw  attended  aach  talk) 

2.  fWMka— M 

-  **Mcfc*4  ap  for  ywa  (Mi  wwak"  (*.  Carrara*): 
A  weekly  sheet  in  Enjlnh  of  prat  airtinj*  of  acneral  idea- 
tifkinterr*. 

About  1000  copio  per  waekly  edition  and  aboot  3000  copies 
of  the  coenprtoeniive  ediuoo  for  the  yea?. 


LANGUAGE  COUBSES 


Engtbk 

Ganww 

Ottcrifition 
ofcitsxt 

Humtxr 

fJtmbtr 
o/ttowt 

Nymbtr 
o/ttmJtmtt 

ofcittm 

Nvmbtr 

AVmher 
ejeiemt 

c/kowi 

o/Mwdtma 

Extrnsrvtnmt 
(1-6  boon  per  wwH.) 

11 

114 

t2 

24 

1116 

236 

ooMrar 

(Follow -op,  phone- 
bo,  drafting,  etc.) 
(2-4  boon  per  week) 

6 

390 

43 

7 

243 

7 

ScmHxWut*  count 
(7-12  houn  per  week) 

1 

660 

09 

t 

546 

53 

Total 

25 

1164 

203 

32 

1772 

*» 

7 

243 

7 

Total  number  of  lorcnpooeu  English  ♦  French  ♦  Gennaa 
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Appendix  D 


Scientific  Conferences  and  Schools 


The  1964  CEJLN  School  of  Physics  «m  orj*nkrd  by  the 
Sdeotinc  Coo/creoce  Secretariat  la  collaboration  with  the  EV 
mraury  Pwtlde  Phyiia  Oroop  of  the  Uofrtniry  of  Bergen.  It  was 
bead  at  Loftbas,  pa  the  Hardaaaar  Fjord  to  Noiwtjr,  from  11  to  24 
June  1964,  aad  waa  attended  by  5  Ksdsots  from  3  laboratories  to 
the  boat  couatry.  61  stadests  from  36  laboratories  to  10  Member 
States,  6  students  from  CEJLN,  tod  5  students  from  4  different  in- 
Itteutsn  m  win  Member  State*  of  CERN. 

The  lecture  programme  was  m  f  oBom; 

-  J.D.  Dowdl  (Btonfagfrarn  Unhcntty):  ProtOK~mtlproton 
phytla 

-  D.  Hefck  (DE5Y,  Hamburg):  Exptrt*-***  ma  of  gauge 
thtc-im 

-  J.  fb^outos  (Book  Normale  Sopeneare.  Pan*):  C/*(/fc»- 


-  M.  Jacob  (CEKN):  Thttopqmrk 

-  C.  Jarhtog  (Bergen  tad  Stoctboem  Unrorrftics):  I*trodu> 
ttoi  to  garyr  tktortm 

-  E.  UUeatat  (Bergen  Ua<venity  aad  CERN):  P*/jfcx  fa 


-  H.B.  Nkfaen  (Niels  Bohr  lattitutc  aad  NordiU,  Copen- 
hagen): Kmdom  dynamic* 

-  X.  Petronzfc  ;CERK).  QC0 

-  F.  Randal  (Onto  Unhrersfty):  Sugxtiymrmtty  mtdqymtvm 


-  S.  Rndez  (Minnesota  Unmnky)-  JJgaacr  /or  mtpenym- 

-  8.H.  Witt  (DESY.  Hamburg*         -th* physics md the 

tCCtitFttOf 

The  1964  CERN  School  of  Coaxnitlnt  aw  organized  by  the 
Scientific  Conference  Secmariat  to  collaboration  with  the  Instituto 
Estudioa  Enargetieos  (Junta  de  EncrgU  Nodear.  Madrid)  and  the 
Facokad  de  laformntica,  Barcelona.  It  waa  held  at  Aiguebleva  oo 
the  Coau  Brava.  Spain,  from  9  to  22  September  1964.  and  wat 
attended  by  25  students  from  7  laboratories  m  the  boat  country. 
40  students  from  34  laboratories  in  t  Member  States,  1?  students 
l-om  CERN.  and  4  students  from  4  different  institutes  in  non- 
Member  States  it  CERN. 


The  lecture  programme  was  at  f oBowk 
•  C  Robbie  (CERN):  C*uwfag  ***** 
-  V.  Efcbd  (Hamburg  UaJvanky*  UnfoHtog  mtthodt  fa 


-  T.  Btoch  (Beok  IVrfytscnandjue,  Park):  Tkntmdformmth* 
coaseaaatg  a\ow«r  fa  fffmrmt/Ut-.  zftdmet 

-  M.p.  Caaoa  (IBM  Rassarch  Laboratory,  Saw  Joaf):  Storage 
jjasunf  ana*  ascssaofcw/r  aaaf  aastJ&vhav  eltacflfeat 

-  P.P.  Currubba  (Hewlett  Packard  Laboratories,  Palo  AJto): 
KL5/.Afi»aainait  anafe  Wpeotathf 

"        Ca^taaooet  (Uofrarssty  Coaaat.  Cardiff):  **o- 

■  C.DekM(U^G,Orwjoc>k):JU«ra^aWAa«w 

-  R.W.  Oobiasoa  (UmV.  of  Gftaois  at  ChaatpaiejvUrbana, 
aad  cituN):  faVropriYuaaxj.'/ton  cftfct  JosyeSastf 

-  B.  Hyams  (CERN):  4p*eatfaw  o/  KLS/  fa  dafa 
ticwtaWprpoesafaf 

'  **  Mtel  <p°Jta*  Ud-  Kawasaki):  ftsnsnxiwyutfag  evwj 
Mrfone/ projects  fa  Jtpcw 

-  B.  Raadsl  (The  Ui+rnrssty  of  Newcastle  upon  Tyne):  7V 


-  R.  Rosaer  (Uatanky  of  Loadon  Computer  Centre):  Date 


-  J.  Salkio  (JEN.  Madrid,  sad  DESY,  Hamburg):  Mmm 
Crfa  ajcfaifcjaai 

-  S.  Santiago  (C3RN):  fWao  easier  CERN 

-  M.F.  Verdejo  (Uiirmsidad  del  Pais  Vasco):  Exptrt  symmms: 
A/tovtnitw 

-  M.  Vargas  (Unfcratdad  Potitscmca  de  Barcciooa):  Logic 
/wogrammfag.*  Pnio$ 

-  W.  rooRflden  (CERN):  Z>sfa  acowtftfcsi  /or  LEP  ccper*. 
atestt 

•  D.  Wlegaodt  (CERN):  PorUbk  comfMUn—portsbk  ope- 
ttttttgtytttfns 

-  LWiBm(CERN):Sfafss« 


The  SckuUTic  Conference  Secretariat  abo  made  the  material 
aiTangemesU  for  the  Conference  on  Teaching  Moiern  Physks' 
held  at  CERN  from  24  to  21  September  1964  (75  participants). 
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Appendix  E  List  of  VIP  visites  in  1984 


JANUARY 

12  Mr  S  GUSTAFSSON,  President,  Swedish  Natural 
Sciences  Research  Couaol 

25  HE  Ambassador  R.  PAOLINI.  Permanent  Represen. 
utive  or  hiiy  to  the  United  Ninons  Office  and  the  other 
Internationa)  Orfaruzattous  at  Geneva 

FEBRUARY 

10  Croup  of  \mbassadors  to  the  United  Nations  Con* 
ference  on  Disarmament 

MARCH 

1$  Dr  R  K  RUMS  I  EX.  Minister  tot  Scxnce  and  Research 
or  the  Land  or  North- Rhine- Westphalia.  Federal 
Rcpubbc  of  Germany 

19  Dr  A.  PROBST,  Secretary  or  State  at  the  Federal 
Ministry  for  Research  and  Technology.  Federal  Republic 
or  Germany 

31  Mr  H  FISCHER,  Federal  Minister  for  Sciences,  Austria 
APRIL 

19  United  ICintdom  Department  or  Trade  and  Industry 
MrS  BURBRirXJE.  Under-Secretary  of  State 

Mr  D.  WISEMAN,  Head  of  Research  and  Technok>fy 
Mr  P  ROBINSON,  Export  Europe  Branch 

MAY 

09  Professors  and  xmor  administrators  from  universities 
ir  Sweden 

09         Swiss  National  Fund  for  Scientific  Research 
JUNE 

01  Bank  officials  from  China 

22  Dr  G  W  CHANTRY,  Science  Attache,  British  Embassy. 
Bonn,  Federal  Rcpubbc  jf  Germany 

23  Professor  S  ERLANDER.  Vtce-ChanceUor.  Unkoptng 
University  and  Institute  01  Technoiofy.  Unfcoping. 
Sweden 

Professor  J  -0  PALMBERG.  Dean.  Unkoping  Uni- 
versity and  Institute  of  Technology.  Unkoptng,  Sweden 

JULY 

02  Delegation  from  the  Royal  Institution.  London 
(19  members) 

AUGUST 

13  Mr  tcr  HORST,  Netherlands 

20  HE  Ambassador  R  van  SCHAIK,  Permanent  Re- 
poerttative  0f  the  Netherlands  to  the  United  Nations 
Office  and  the  other  International  Organizations  at 
Geneva 

Mr  H  HEINEMANN,  Deputy  Permanent  Representa- 
tiveof  the  Netherlands 

Mr  ;  JURGENS,  Coosrl  honorary  of  the  Netherlands. 
Geneva 


20-21      Mr  R  CHABBAL,  Chairman.  Research  Group  to  the 
Ministry  for  Research  and  Technology,  France 

SEPTEMBER 

21        30Ch  Anniversary  of  the  Entry  into  Force  of  the  Conven- 
tion for  the  Establishment  of  CERN,  fa  the  presence  of: 
His  Ma>esty  KING  JUAN  CARLOS  I  of  Spain 
Her  Majesty  QUEEN  SOFIA 
The  Processes  ELENA  and  CRISTtNA 
TbeMarquaorMONDEJAR.  Head  of  the  Royal  House- 
hold 

General  FERNANDEZ  CAMPOS,  Secretary-General  to 
the  Royal  Household 

Mr  H.  CUR  I  EN.  Minister  for  Industry  and  Research, 
r ranee 

Mr  L  GRANELU,  Minister  for  Scientific  Research, 
Italy 

Mr  L  R.  LANGS  LET.  Minister  for  Cultural  and  Scienti- 
fic Affairs,  Norway 

Mr  C.  SOLCHAGA.  Minister  few  Industry  and  Energy. 
Spain 

Mr  M.P.  BROOKE,  Secretary  of  Sttte  for  Education  and 
Soeoce,  United  Kingdom 

Mrs  C.  VlRGILI.  Secretary  or  State  for  Research  and  the 
Universities,  Spam 

Professor  E.  AMALDL  former  Secretary-General.  Euro- 
pean Council  for  Nuclear  Research 
Professor  P  AUGER,  former  Director.  Division  of 
R^act  and  Natural  Science*.  UNESCO 
Mr  J  H  BANNIER,  former  President.  CERN  Council 
Mr  D.  de  ROUGEMONT.  writer.  Chairman.  European 
Cultural  Centre 

Professor  I.  RABL  Ncbd  Prize  »or  Physics.  1944 
Professor  V.F.  WEISSKOPF.  former  Director-General 
of  CERN 

M.  E  SUY.  Director-General.  European  Office  of  the 
U  ted  Nations,  Geneva 

Mr  S.J  SPAULDING,  the  Director  or  the  International 
Bureau  or  Education 

Mr  R.E.  BUTLER,  Secretary-General,  or  the  Interna- 
tional Telecommunications  Union 
Mr  D.  SMITH,  Deputy  Secretary-General,  World  Meteo- 
rotogical  Organization 

The  Member  States  Permanent  Representatives  at 
Geneva  and  Ambassadors  to  Bern 
The  Delegates  of  the  Member  States  to  the  CERN  Coun- 
cil and  their  Representatives  on  various  CERN  Commit* 
tees 

The  Representatives  of  the  French  Prefectural.  Admi- 
nistrative and  r>partmental  authorities 
The  Representatives  of  the  Swiss  Federal,  Cantonal  and 
Communal  authorities 

The  Representatives  of  the  European  and  international 
scientific  commuruty 

23        Parliamentarians  from  the  Netherlands 
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02         Mr  R.  JACKSON.  M.P..  United  Kingdom 

10        Professor  K.H  BECKURTS  ind  Mr  H.  FOLLUNO, 
S>cmerj,  Federal  Republic  of  Germany 


01  Mr  T.  <H  ROMAGNANO,  CowuMJeneral  of  Italy. 
Oeocva 

22-25  Delegation  from  the  Swedish  Research  Couoal  (Physics) 
(15  maters) 

26  H  E.  Mr  F.  MUHEIM,  Directorate  for  International 
Orfanbations,  Federal  Department  of  Forofn  Affairs. 
Bern  Switzerland 

2S        General  A.  de  TORRES  SPINOSA.  Spain 


DECEMBER 

10        Professor  H.  DETTER  and  Professor  P.  KOSS,  Direc- 
tors. Austrian  R.search  Centre.  Scfberadorf ,  Austria 

12        Mr  P.  CHAMPENOIS.  ConsuKkneral  of  Bdajum, 
Geneva 

15-18     Institute  for  Hiab-Eneriy 
Physics,  Bcrhn-Zeutbcn, 
German  Democratic  Republic: 
Professor  C  ORGTE,  Secretary-General 
Dr.  K,  LANIUS,  Director 
Dr  R.  LEISTE,  Division  Leader 


Mr  B  GERARD.  Prefect  of  the  Am  Department.  France 


252 


82 


9 

ERIC 


821 


THE  PRINTING  OF  THE  THIRTIETH  ANNUAL  REPORT 
OF  THE  EUROPEAN  ORGANIZATION  FOR  NUCLEAR 
RESEARCH,  WAS  COMPLETED  ON  THE  TWENTY- 
FIRST  DAY  OF  JUNE  NINETEEN  HUNDRED 
AND  EIOHTY-FIVi  BY  THE  DOCUMENTATION 
DEPARTMENT  AT  CERN,  GENEVA,  SWITZERLAND 
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Fermilab  1984 
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The  coven  Adequate  computing  resources  have  be- 
come a  critically  scarce  tool  that  high-energy  physi- 
cist* need  to  carry  out  their  science.  Fermi  lab's  Ad- 
vanced Computer  Program  (ACP)  is  attacking  the 
problem  with  the  development  of  a  muUimicre" 
processor  system  based  on  the  latest  in  commercially 
available  integrated  circuits  (see  psge  49).  The  cover 
is  Angela  Gtnsales'  abstraction  of  the  tree  structure 
of  the  ACP  system  and  is  based  on  the  figuir  on  page 
54.  The  branches  of  the  tree  support  memory  (MEM) 
and  numerous  central  processing  units  (CPUs).  The 
memory  leaves  come  In  various  sizes  measured  in 
megabytes  (Mb).  The  32-bit  microCPUs  are  now  be- 
coming available  from  a  number  of  firms,  including 
AT&T,  Motorola  (MOT),  and  Digital  Equipment 
Corporation  (DEC).  The  branches  and  trunk  rep- 
resent high-speed  busses  and  a  switch  that  carry  data 
from  the  roots  which  handle  the  input  of  raw  infor- 
mation and  the  final  output  of  results.  Four  tape 
drives  appear  at  the  corners  of  the  roots.  At  the 
center  are  various  controllers  and  interfaces  that 
manage  the  system.  In  online  trigger  applications,  a 
Fastbus  Interface  (FBI)  connects  to  data  acquisition 
hardware  in  Tastbus  standard  crates.  The 
background  suggests  the  intricacy  of  the  micron  di- 
mension patterns  seen  in  photomicrographs  of  the 
incredible  32-bi*  microprocessors  used  in  the  leaves. 
Above  the  title  is  a  typical  colltding-beam  ex  peri, 
ment  event.  Behind  the  tree,  lurking  in  the  magenta 
mist,  is  Fermilab*s  Wilson  Hall,  teeming  with  re- 
searchers anxious  to  reconstruct  such  events. 

—  Tom  Nash 
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Fermilab  1984 


Annual  Report  of  the 
Fermi  National  Accelerator  Laboratory 


Fermi  National  Accelerator  Laboratory 
Batavia,  Illinois 

Operated  by  Universities  Research  Association,  Inc.  " 
Under  Contract  with  the  United  States  Department  of  Energy 
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Table  of  Contents 

I.  State  of  the  Laboratory  1 

Leon  Lederaian 

The  Director  acknowledges  the  accompli/ a  menu  of  the  Laboratory  in  high- 
energy  physics, particle  theory*  astrophysics,  TeVl  and  TeVIl:  salutes  unsung 
heroes,  waxes  philosophical,  and  looks  ahead  to  1985  and  beyond. 

!I.  Construction  of  the  TeV  I  Antiproton  Source  15 

A  photographic  record  of  the  construction  of  the  Antiproton  Source. 

III.  Fixed-Target  Phytic*  at  800  CeV  .$# 

James  D.  Bjorken 
A  comprehensive  evaluation  of  the  successes  of,  and  challenges  facing,  the 
fixed-tnrget  physics  program  at  Fermilab. 

IV.  Fermi'ab's  Advanced  Computer  Program  49 

Thomas  Nash 

A  report  on  netc  approaches  to  computers  for  high-energy  physics. 

V.  Progress  on  the  Fermilab  Collider  Detector   £7 

Cr  ttstruction  and  assembly  of  the  Collide'  Detector  at  Fermilab  it  chronicled 
'a  photographs. 

v«.  Development  of  the  Energy  Saver  Operation  4$. 

William  Fowler 

A  report  on  the  first  full  year  of  particle  acceleration  in  the  Energy  Surer. 

VII.  Magnet  Production  at  FcrmiJaii   .f  JT 

Philip  Livdahl  and  Richard  Lundy 
An  orerrietc-w-retri}*i>ect  of  Fermilab  s  role  in  the  development  of  magnet 
fabrication  technitpte*. 

VII!.  Publication*  HI 

A  listing  of  1981  Fermilab  exfteri  mental*  general \  theoretical,  and  astrophysi- 
cal  publications. 

IX.  1984  Workshop  and  Seminar  Series  llj 

A  listing  of  Theoretical  Physics  Seminars,  Joint  Experimental-Theoretical 
Physics  Seminars*  Theoretical-Astrophysics  Seminars,  Fermilab  Colloquia 
Series*  Research  Technique  Seminars*  Arms  Control  and  International  Se- 
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Cosraological  Inflation 

*—  Out  of  the  unionof  ideas  in  particle  physics  and  cosmology  has  come  the  theory  of 
coiouological  inflation;  a  concept  that  has  revolutionized  the  way  we  think  about  the 
earliest  moments  of  the  hig  bang.  As  we  explore  higher  energies  and  probe  matter  on 
smaller  scales,  we  become  aware  of  the  existence  of  hidden  and  beautiful  symmetries 
that  are  not  apparent  in  the  Universe  today,  but  should  have  been  manifest  at  the 
enormous  temperature*  in  the  first  microseconds  of  the  big  bang.  As  the  Universe 
cooled,  it  underwent  a  *eries  of  phase  transitions  in  which  the  underlying  symmetries 
were  broken  htep  hy  step.  Inflation  is  the  theory  that  in  one  of  these  transitions  a  single 
bubble  of  the  low-symmetry  phase  rapidly  expanded  to  a  size  large  enough  to  encom- 
p*i«*  our  entire  observable  Universe. 

—  E.  Kolb 
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I.  State  of  the  Laboratory 


The  year  1984  may  be  summarized  by  its 
major  activity,  the  Taming  of  the  Tevatron. 
(The  names  Energy  Saver  and  Energy  Doubler 
should  pass  into  history  evtn  though  the  new 
superconducting  accelerator  did  double  and 
does  save  energy,  some  40  megawatts*  in  fact). 
Our  runs  in  *84  were  ragged  at  we  tried  to  man- 
age tbe  complexity  of  the  new  machinery,  the 
neglect  of  the  old  machines  and  the  implemen- 
tation of  new  beam  lines  and  new  experiments. 
However,  enough  of  our  goals  were  met  to  list 
the  run  as  successful.  A  score  card  is  presented 
elsewhere  in  this  volume.  The  unfinished  part 
of  the  Tevatron,  the  Antiproton  Source  (Tevat- 
ron I)  was  also  a  high  priority  activity  and,  when 
we  add  in  the  continuing  construction  of  the 
Collider  Detector  Facility  (CDF),  we  see  a  very 
substantial  effort.  In  the  euphoria  of  doing 
physics  again  we  were  struck  with  the  fact  that, 
since  1979,  the  Laboratory  had  been  gradually 
transformed  in  order  to  best  manage  its  con- 
struction tasks.  This  put  us  in  poor  posture  to 
apply  creative  attention  to  the  challenges  of 
getting  physics  out  of  the  Tevatron.  So  we  reor- 
ganized. The  aim  is  as  stated,  to  finish  our  con- 
struction tasks  as  quickly  as  possible  and  to 
organize  ourselves  to  conquer  the  planet  in  the 
years  from  now  u  ntil  the  Tevatron  fades  into  the 
shadow  of  the  Supercollider.  Sic  transit  gloria 
mundi. 

The  reorganization  strategy  was  to  deploy  our 
strengths  to  match  the  altered  priorities  of  an 
operat;ng  laboratory.  A  simplified  circuit  di- 
agram is  around  here  somewhere.  The  Labora- 
tory priorities  need  to  be  reiterated;  they  are 
logical  but  the  large  overlaps  still  make  for 
confusion  and  uncertainty.  With  customary 
caveats  that  s  numerical  ordering  on  a  flat  page 
dees  injustice  to  a  multidimensional  nature  of 
the  problem,  we  list: 

1.  We  must  bring  the  accelerator  up  for  relia- 
bility and  increasing  intensity  to  service  the 
1985  fixed-target  program. 

2.  We  must  complete  TeV  I  (the  p  source)  so 
that  a  good  physics  run  can  be  carried  ou*  in 
the  fall  of*86. 

3.  This  implies  the  essential  completion  of  an 
excellent  detector,  CDF,  capable  of 


addressing  the  new  physics  issues  that  go  with 
2  TeV. 

4.  TeV  II,  the  fixed-target  beam  linesand  areas, 
must  be  completed  (within  budget,  of 
course)  on  time  and  the  1986  fixed-target  ex- 
periments and  beam  lines  must  be  ready  to  go 
by  spring  1986. 

5.  The  Tevatron  accelerator  mutt  reach  close  to 
1000  GeV  by  a  combination  of  replacing 
weak  magnets  and  lowering  the  ring  temper- 
ature about  0.S°K. 

6.  The  second  major  colliding  beam  detector  at 
DO  must  be  brought  on  line,  phased  to  do 
some  physics  by  1988  and  completed  soon 
thereafter.  We  need  to  convince  whoever 
will  listen  that  this  is  deserving  of  a  more 
rapid  funding  pace  than  our  present  proj- 
ections allow. 

7.  We  must  continue  to  support  the  develop- 
ment of  our  computer  facilities  via  man- 
power and  a  major  new  addition  to  the  Com- 
puter Center.  Even  this  will  not  be  enough  to 
serve  the  entire  Tevatron  program,  and  we 
muxt  support  the  Advanced  Computer  Proj- 
ect. 

8.  We  must  continue  to  improve  the  intellec- 
tual environment  of  the  Laboratory:  here  we 
recognize  the  important  role  of  the  Theoreti- 
cal Physici  group,  now  aided  by  our  matur- 
ing Astrophysics  Gn>up. 

A  comment:  We  are  concerned  about  the 
Fermibb  "post-docs**  since  Fermilab*s  at- 
mospherics are  different  from  universities* 
and  different  from  SLAC,  BNL,  and  LBL. 
Here  we  note  that  we  do  not  have  permanent 
groups  under  semi-permanent  group  lead- 
ers. The  responsibility  for  the  intellectual 
care  and  feeding  of  post-docs  (poor  beasts  of 
burden,  only  exceeded  by  graduate  students) 
is  then  diffuse  and  our  Physics  Department  is 
now  instructed  to  study  and  solve  the  prob- 
lem. Here  we  should  add  that  the  reorgani- 
zation must  assume  that  Fermi  lab  physics 
staff  will  have  greater  opportunities  to  par- 
ticipate in  research  and,  again,  the  appropri- 
ate structure  to  see  to  this  is  the  Physics  De- 
partment. 
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9.  We  have  serious  responsibilities  relative  to 
SSC  on  at  least  two  fronts.  One  is  to  do  our 
share  of  the  national  effc .  or*  R&D  and  de- 
sign. The  other  is  to  'ook  into  thcTevatronas 
a  possible  injector.  It  seem?  clear  that  any 
improvements  in  the  Tcvatron  as  SSC  injec- 
tor will  help  the  current  program,  A  third 
obligation  is  to  provide  assistance  to  the  State 
of  Illinois  (and  anyone  else  who  asks)  in  ef- 
forts to  compete  for  the  ^SC. 

10.  -15.  Here  we  simply  sr       wd  remind  o«r 


readers  that  we  do  R&D  on  in»trumentation, 
we  stimulate  the  HEP  community  to  think 
hard  about  new  experiments  via  workshops, 
we  reach  out  to  the  external  community  for 
science  education,  technology  transfer,  col- 
laboration with  developing  countries,  etc., 
etc. 

The  foregoing  is  a  restatement  of  the  goals  of 
the  Laboratory  over  the  next  several  years.  The 
remainder  of  this  overview  ana  the  article'  that 
follow  constitute  a  progress  report. 
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Particle  Theory 


Re\  tewing  tlin*e  highlight*  which  jre  not  de- 
scribed in  grejter  detail  in  tln»  i»*ue.  we  note 
first  tlut  the  Theory  group  iu»  now  grown  to  six 
permanent  member*  tliardeen.  Bjorken. 
ECk  liten.  M(  l^rrjri.  (Jmgg.  jiiiI  Tlucker)  and 
there  are  now  »ix  j^oridte  *rieiiti«t»(£Hi*>  Hill. 
Parke.  rVar«ki,  N  honfelil.  jnil  Taylor).  There 
jre  *e\en  po«t-tln<*«  jml  tlir*  ikuj!  deluge  of  tin* 
luual  M-itor-.  In  jiliiition  to  their  own  work  on 


the  full  spectrum  of  particle  theory  fascina- 
tion*. Theory  ha>  »erved  the  community  via 
\ery  unite  pjrticipjtiofi  in  SSC  activities.  A 
major  product  i>the  "bible"  of  SS(I  i>hyMc*(the 
Reviews  of  Modern  Phytic*  artirle  known  a* 
E1ILQ.  pronoun  red  Kl.K.  probably  !w»cau»e 
the  authors  are  Eiihten.  Ilimhltffe,  Lane*  and 
Qmgg.J 
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effect  of  decaying  particles  in  galaxy  formation 
has  been  studied.  Turner  (Fermilab/Chicago), 
Steigman  (Bartol),  and  Krauss  (Harvard)  ex* 
tended  the  original  idea  in  a  Physical  Review 
letter.  Other  ideas  for  decaying  particles  have 
been  studied  by  Schramm  (Fermilab/Chicago). 
Gelmini  (CERN),  and  Valle  (Rutherford)  in  an 
article  in  Physics  Utters.  Olive  (Fermilab), 
Schramm  (Fermilab/Chicago),  and  Srcdnicki 
(Santa  Barbara)  have  considered  the  possibility 
that  the  decay  products  of  gravitinos  could 
close  the  Universe.  Olive  (Fermilab),  Seckel 
(Fermilab),  and  Vishnia  (Texas)  have  studied 
further  astrophysical  effects  of  decaying  parti- 
cles in  an  article  in  Astrophysical  Journal  Fi- 
nally, Kolb  (Fermilab)  reviewed  the  staus  of  the 
cosmological  effects  of  decaying  particles  at 
NEUTRINO  *84,  the  yearly  international  neut- 
rino conference. 

"Inner  Space/Outer  Space** 

During  the  first  week  of  May,  an  interna- 
tional conference  on  science  at  the  interface  of 
particle  physics  and  cosmology/astrophysics 
was  held  at  Fermilab.  The  conference  was  or- 
ganized by  members  of  the  Fermilab  As- 
trophysics Center.  The  "Inner  Space/Outer 
Space**  conference  was  attended  by  230  scien- 
tists, including  astronomers,  astrophysicists, 
cosmologists,  low-temperature  physicists,  and 
particle  theorists  and  experimentalists.  Plans 
are  now  being  made  to  hold  annual  workshops 
on  cosmology  and  particle  physics  at  Fermilab. 
The  proceedings  of  the  May  1984  conference 
will  t>oon  be  published  by  the  University  of 
Chicago  Press.  Inner  Space/C  ter  Space  con- 
ference T-shirts  have  become  collectors  items. 

Astrophysics  Seminar  Series 

In  addition  to  the  annual  conference,  the 
Astrophysics  Center  holds  a  weekly  seminar 
series  on  Monday  afternoons.  In  the  spring  of 
1984  the  ^eminar  series  focused  nn  the  cos- 
mological implication  nf  theories  of  extra  di- 
mensions. The  fall  seminar  serie*  tnpic  was  the 
microwave  background  radiation,  and  its  im- 
plicating for  galaxy  formation.  The  Monday 
astrophysics  seminars  often  complement  the 
Tue»iluy  theoretical  phvsics  seminars.  Several 


of  the  Laboratory  colloquia  have  been  in  vari- 
ous areas  of  astrophysics.  Cosmology  and  as- 
trophysics have  also  become  part  of  the  public 
image  of  the  Laboratory.  Michael  Turner  of  the 
Astrophysics  Group  gave  a  public  lecture  at 
Fermilab  on  the  cosmology-particle  physica 
connection.  This  Friday  night  public  lecture 
was  sponsored  by  the  Fermilab  Auditorium 
Committee  and  was  attended  by  over  700  mem- 
bers of  the  l^cal  community.  One  of  the  goals  of 
the  Astrophysics  Group  is  to  make  cosmology 
and  astrophysics  an  integral  part  of  the  intel- 
lectual atmosphere  of  Fermilab.  By  doing  so, 
particle  physicists  at  Fermilab  are  provided  a 
unique  perspective  through  which  they  may 
interpret  and  appreciate  advances  in  their  field 
in  a  wider  scope  of  its  influence  in  other  fields 
of  physics. 

Astrophysics  Group 

The  present  Astrophysics  Group  was  origi- 
nally headed  by  Edward  Kolb,  who  joined 
Fermilab  from  the  Theoretical  Astrophysics 
group  at  Los  Alamos  National  Laboratory,  and 
by  Michael  Turner,  who  spent  the  *83-*84 
academic  year  at  Fermilab  on  leave  from  the 
University  of  Chicago.  In  the  fall  of  1984, 
Turner  returned  to  the  University  of  Chicago, 
but  will  continue  to  spend  one  quarter  per  year 
in  residence  at  Fermilab  as  a  visiting  scientist. 

In  the  fall,  Alex  Sznluy  joined  the  Group. 
Alex  is  a  Hungarian  astrophysicist  who 
specializes  in  models  of  galaxy  formation. 
Szalay  will  be  a  visiting  staff  member  and  will 
be  at  Fermilab  for  eighteen  months.  David 
Schramm,  from  the  University  of  Chicago,  will 
continue  to  split  histime  between  Fermilab  and 
Chicago.  This  fall,  Bernard  Carrof  the  Univer- 
sity of  Cambridge  was  in  residence.  The  active 
visitor  program  benefits  both  Fermilab  and  the 
astrophysics  cnnimunity  by  making  experi- 
mental and  theoretical  advances  in  particle 
physics  accessible  to  the  astrophysics  cnnimu- 
nity. In  addition  to  knlb,  Turner,  Szalay, 
Schramm,  and  visitors,  the  Group  has  four 
post-doc*  and  several  graduate  student**  mak- 
ing it  one  of  the  largest  cosmology  groups  in  the 
civilized  world,  prrhap*  in  the  universe,  cer- 
tainly in  Warrenvillc.  Illinois. 


838 


833 
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tional conference  on  science  at  the  interface  of 
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tists, including  astronomers,  astrophysicists, 
cosmologists,  low-temperature  physicists,  and 
particle  theorists  and  experimentalists.  Plans 
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of  the  Laboratory  colloquia  have  been  in  vari- 
ous areas  of  astrophysics.  Cosmology  and  as- 
trophysics have  also  become  part  of  the  public 
image  of  the  Laboratory.  Michael  Turner  of  the 
Astrophysics  Group  gave  a  public  lecture  at 
Fermilab  on  the  cosmology-particle  physica 
connection.  This  Friday  night  public  lecture 
was  sponsored  by  the  Fermilab  Auditorium 
Committee  and  was  attended  by  over  700  mem- 
bers of  the  l^cal  community.  One  of  the  goals  of 
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lectual atmosphere  of  Fermilab.  By  doing  so, 
particle  physicists  at  Fermilab  are  provided  a 
unique  perspective  through  which  they  may 
interpret  and  appreciate  advances  in  their  field 
in  a  wider  scope  of  its  influence  in  other  fields 
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nally headed  by  Edward  Kolb,  who  joined 
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by  Michael  Turner,  who  spent  the  *83-*84 
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Turner  returned  to  the  University  of  Chicago, 
but  will  continue  to  spend  one  quarter  per  year 
in  residence  at  Fermilab  as  a  visiting  scientist. 

In  the  fall,  Alex  Sznluy  joined  the  Group. 
Alex  is  a  Hungarian  astrophysicist  who 
specializes  in  models  of  galaxy  formation. 
Szalay  will  be  a  visiting  staff  member  and  will 
be  at  Fermilab  for  eighteen  months.  David 
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continue  to  split  histime  between  Fermilab  and 
Chicago.  This  fall,  Bernard  Carrof  the  Univer- 
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nels  and  service  buildings  was 
completed,  and  we  have  been  in- 
stalling equipment  for  several 
months.  More  and  more  of  the 
Tevatron  I  Section  has  moved  out 
to  the  trailers  next  to  the  rings  to  be 
close  to  their  work.  The  Target  Sta- 
tion and  Target  Service  Building 
are  also  complete.  During  the 
summer  shutdown,  the  Main-Ring 
tunnel  was  uncovered  and  new, 
wider  tunnel  sections  installed  for 
Tc\  1  extraction* 

The  technical  components  have 
al>o  moved  ahead,  although  that 
work  has  also  had  obstacles.  The 
TeV  I  Debuncher,  Accumulator, 
and  transport  magnets  are  larger 
and  have  tighter  field-quality 
specifications  than  any  conven- 
tional magnets  Fermilab  has  built 
before.  The  year  saw  all  the  quad* 
rupoles  of  both  aperture  sizes 
completed,  measured,  and  ac* 
cepted.  The  coils  for  nearly  all  of 
the  dipoles  are  finished.  The  as- 
semble of  the  laminations  into 
magnet  cores  did  not  come  easily. 
The  magnet  performance  has  been 
affected  b>  the  quality  of  ^lie  steel 
ami  the  condition  of  the  stamping 
die.  B>  carefully  te»ting  the  mag- 
netic properties)  of  several  hundred 
>amples  of  steel  and  accurately 
measuring  the  lamination  dimen- 
sions it  has  been  possible  toobtain 
the  desired  quality.  In  some  in* 
«tuncei>  magnets  which  did  not  meet 
the  demanding  tolerances  of  the 
project  were  brought  to  specifica- 
tion- 1>>  adding  a  small  number  of 
tlrti  >lum*.  At  the  end  of  the  year, 
installation  of  magnets  in  the  tun- 
nel wa«  underway. 

There  were  also  some  difficulties 
to  overcome  hi  the  target  area.  The 
hr-t  lit  Ilium  lens  for  an  ■  nrotnii 
collection  failed  when  the  bolts 
holding  the  asseuthl)  together 
viehled.  When  the  cause  of  this 
failure  vva>  remedied  on  prototypes 


two  and  three,  cracks  developed  in 
the  titanium  water  jacket.  Detailed 
investigation  showed  that  this  fail- 
ure was  caused  by  metal  fatigue  and 
a  redesign  has  fixed  the  problem. 
The  most  advanced  prot  Ntype 
lithium  lens  has  now  been  pulsed  to 
its  design  current  more  than 
100,000  times.  Lens  number  2  has 
operated  for  more  than  one  million 
pulses,  albeit  at  509-  of  the  design 
current,  in  the  AA  target  station  at 
CERN.  Other  special  magnets  and 
devices  for  the  target  Station  are 
being  fabricated. 

Equipment  for  stochastic  cool- 
ing is  also  being  assembled.  After 
some  initial  problems,  the 
traveling-wave  tube  amplifiers  for 
cooling  met  design  specifications. 
Thr  pickups  and  kickers, 
preamplifiers,  and  other  elec* 
ironies  are  under  construction  and 
the  superconducting  correlator 
filter  is  well  along.  Similarly,  all  of 
the  enormous  amounts  of  equip* 
nient  for  the  two  major  storage 
rings  are  well  along  in  fabrication, 
including  the  controls  system. 

During  1984,  the  superconduct- 
ing low-beta  system  that  will 
squeeze  the  beam  down  and  im- 
prove the  luminosity  at  B0  in  the 
Tevatron  was  installed  and  suc- 
cessfully tested  at  800  GeV.  At  the 
end  of  the  year,  the  Main-Ring 
Overpass  to  carry  the  beam  around 
the  detector  at  DO  was  installed  and 
successfully  operated.  The  Main 
Ring  bunch-coalescing  cavities, 
used  to  increase  the  peak  proton 
intensity  on  the  antiproton  pro- 
duction target,  were  installed  in 
1984  and  are  ready  to  go. 

At  the  end  of  1984,  the  people  of 
the  Tevatron  1  Section  were  all  busy 
installing,  surveying,  and  testing 
equipment.  The  new  year,  1985, 
should  see  ns  thunder  down  the 
home  stretch  and  cross  the  finish 
line. 
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Tevatron  II,  The  Fixed-Target  Program 


1984  was  the  third  year  of  the  TeV  II  con- 
struction project  and  will  probably  turn  out  to 
be  the  year  in  which  the  activity  on  this  project 
reached  an  almost  unbearable  crescendo.  The 
construction  project  as  a  whole  is  divided 
roughly  into  two  parts,  a  technical  upgrade  of 
the  primary  beam  transport  facilities  from  400 
to  1000  GeV,  and  a  civil  construction  portion  in 
which  various  experimental  halls,  beam  en- 
closures, and  other  facilities  are  constructed  to 
accommodate  both  the  primary  beam  upgrade 
and  the  experimental  facilities  that  will  be 
needed  for  the  1000-GcV  fixed-target  program. 

During  the  past  year,  the  primary  emphasis 
for  the  technical  upgrade  part  of  the  TeV  II 
Project  has  been  in  developing  and  installing 
primary  beam  transports  for  new  beams  that 
had  not  existed  prior  to  Tevatron  II. These  were 
specifically  the  Wide  Band  Beam  in  the  Proton 
Area  and  the  new  Muon  Beam  in  the  Neutrino 
Area.  The  extraction  of  fast  beam  for  the  con- 


ventional neutrino  program  was  a)  *  an  area  of 
significant  activity  in  1984.  Finally,  a  significant 
amount  of  work  took  place  in  construction  of 
the  M-West  Target  Pile.  This  new  primary  target 
station  will  become  the  source  of  a  high-energy 
hadron  beam  to  be  built  in  1985  and  1986. 

A  majority  of  the  activity  in  the  TeV  II  project 
in  1984  was  concentrated  in  civil  construction 
projects  associated  with  the  new  Wide  Band 
Photon  Beam  and  the  new  Muon  Beam.  For  the 
former,  two  existing  enclosures  in  the  Proton 
Area  were  converted  into  fully  shielded  areas 
capable  of  transporting  and  targeting  primary 
proton  beams.  One  of  these,  the  PE4  enclosure, 
will  be  the  source  of  the  Wide  Band  Beam.  It 
was  necessary  to  partly  demolish  the  old  en- 
closure and  rebuild  it  in  order  to  insure  the 
desired  amount  of  radiation  shielding  and 
achieve  the  technical  capabilities  needed  for 
the  Wide  Band  Beam. 

Downstream  of  this  enclosure,  a  new  tunnel 
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extension  was  added  which  will  be  used  for  the 
early  sections  of  the  Wide  Band  Beam  trans- 
port;  a  second  new  enclosure  was  built  next  to 
the  Tagged  Photon  Laboratory  for  momentum 
selection,  and  downstream  of  the  momentum 
selection  enclosure  the  new  Wide  Band  Ex- 
perimental Hall  and  counting  house  were  con- 
structed. This  last  is  far  and  away  the  largest 
TeV  II  project  in  the  Proton  Area  and  the  hall 
has  been  under  construction  since  early  1984. 
The  new  building  will  house  two  experiments, 
E-687  and  E-683,  both  of  which  have  been  ap- 
proved to  do  photon  experiments  in  the  1986 
run. 

Through  experience,  it  has  become  clear  that 
the  construction  of  a  new  experimental  hall 
takes  almost  one  year  from  the  time  that  the  bid 
package  is  released  until  the  building  is  fully 
available  to  experimenters.  Work  on  the  Wide 
Band  Hall  began  in  the  early  springof  1984;  it  is 
hoped  that  the  building  will  be  available  for 
full  use  by  the  experimenters  by  February  of 
1985.  In  order  to  help  the  users  get  an  early  start 
in  the  erection  of  their  apparatus,  early  occu- 
pancy of  the  high  bay  areas  of  the  hall  has  been 
arranged.  This  is  a  strategy  that  seems  to  pay 
significant  time  dividends  and  is  much  ap- 
preciated by  experimenters. 

Meanwhile,  back  at  the  Neutrino  Area,  an 
even  larger  civil  construction  effort  has  been 
underway  in  1984.  ThU  is  the  construction  of 


the  new  Muon  Laboratory,  and  of  the  twenty- 
four  beam  line  enclosures  that  are  necessary  for 
the  new  muon  beam.  These  two  projects  have 
been  pursued  as  separate  construction  con- 
tracts and,  as  noted  in  the  Wide  Band  case,  the 
laboratory  building  will  probably  take  about 
one  year  to  complete.  The  new  Muon  Lab  was 
started  in  February  of  1984  and  is  expected  to 
be  fully  complete  only  in  February  1985.  The 
Muon  Laboratory  is  a  large  building  that  com- 
bines a  high  bay  experimental  area  and  the  as- 
sociated counting  and  computing  rooms  in  a 
single  structure.  This  building,  when  complete, 
will  be  one  of  the  most  striking  and  aesthetically 
pleasing  structures  on  the  Fermilab  site.  An 
itinerant  architectural  consultant,  one  R.  R. 
Wilson,  is  to  be  credited  here. 

If  all  the  muon  beam  civil  construction  can 
be  completed  on  schedule,  it  is  hoped  that  the 
Muon  Beam  will  be  commissioned  in  the  spring 
of  1985.  Perhaps  it  will  even  be  possible  to  begin 
preliminary  tests  forE*665,  the  experiment  that 
plans  to  take  data  in  this  beam  in  1986. 

In  addition  to  the  active  civil  construction 
projects,  a  great  deal  of  planning  in  the  Tevat- 
ron  Construction  Group  has  gone  forward  in 
1984  for  the  final  phase  of  the  Tevatron  II  Proj- 
ect, the  new  beams  forthe  Meson  Area.  The  two 
beams  presently  planned  forthis  area  are  the  M 
West  Pion  Beam  (which  will  be  the  only  pion 
beam  in  the  Laboratory  capable  of  going  to  800 
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GeV)  and  the  Polarized  Proton  Beam,  a  facility 
unique  in  the  world.  This  latter  beam  will 
exploit  the  observed  experimental  fact  that 
polarization  persists  in  secondary  particles 
even  at  high  energies.  This  polarization,  an 
early  Fermiiab  disco\ery,  was  theoretically  un- 
expected. 

In  1984,  the  conceptual  plan  for  the  Meson 
Area  civil  construction  was  completed  and  the 
engineering  design  begun.  In  order  to  speed  up 
construction  of  the  M-West  Experimental  Hall, 
a  plan  was  decided  upon  to  phase  the  construc- 
tion, ll  is  now  hoped  that  the  foundation  for 
this  building,  its  associated  counting  house,  and 
a  related  service  building  will  be  completed 
before  severewmterweather  sets  in.  Then,  even 
during  the  coldest  months,  it  is  anticipated  that 
structural  sleel  can  be  erected  by  taking  ad- 
\antuge  of  favorable  breaks  in  the  weather.  This 
will  enable  us  to  get  a  rapid  start  on  the  rest  of 
the  buildings  in  the  spring  of  1985  and,  hope- 
fully, complete  the  M-West  Experimental  Hall 
by  the  end  of  summer. 

Unfortunately,  the  Polarized  Proton  Hall 
cunnot  be  maintained  on  the  same  rapid 
schedule,  and  this  Hall  will  probably  not  be 
complete  until  the  end  of  1985.  The  associated 
beam  line  enclosures  for  the  M  West  Pion  Beam 
and  die  Polarized  Proton  Beam  are  also  under 
design  as  1984  draws  to  a  close,  and  precast 
concrete  sections  needed  *n  their  construction 
will  he  procured  during  the  winter.  Next 
»prinfc,  the  ci\il  construction  on  these  beam 
line  enclosures  will  he  undertaken  at  approxi- 
mately the  >ame  time  as  the  structures  for  the 
experimental  halls  begin  to  take  shape. 

The  Physics  of  TeV  II 

The  reorganization  created  an  Associate  Di- 
rector for  Physics  .  ml  Dr.  J.  D.  Bjorkeo  was 
named  to  this  post.  His  article  addressing  TeV 


II  physics  is  in  this  volume. 

In  1984,  we  began  to  "review*'  the  future  of 
the  fixed-targ*t  program.  This  began  with  a  fine 
workshop  on  Fixed-Target  Physics.  Out  of  this 
came  an  organization  of  users  devoted  to  this 
subject:  Tevatron  Association  of  Fixed-Target 
Spokespersons  (TAFTS).  This  was  followed  by 
in-depth  workshops  on  Vertex  Detection  (Sep- 
tember), Direct  Neutral  Lepton  Workshop 
(October),  and  Hyperon  Physics  at  the  Tevatron 
(December).  The  richness  and  potential  of 
Tevatron  research  was  made  crystal  clear  in 
these  studies.  Much  of  this  clarity  is  contained 
in  Bjorken*s  section  of  this  review.  The  Santa 
Fe  meeting  of  the  Division  of  Particles  and 
Fields  witnessed  an  explosion  of  contributions 
comingout  of  the  Tevatron.  We  counted  about 
50  papers.  The  most  dramatic  result  was  the 
clarification  of  a  long-standing  puzzle:  the  beta 
decay  of  the  sigma  hyperon.  Some  four  previ- 
ous experiments,  collecting  a  grand  total  of 
about  400  examples  of  this  decay,  produced  a 
unanimous  resuit  that  was  in  disagreement  with 
standard  theory.  A  Fermi  lab-Yale-Iowa  State- 
Leningrad-Elinhurst  collaboration,  capitaliz- 
ing on  the  power  of  the  Tevatron,  collected 
some  80,000  sigma  beta  decay  events  and  a  new 
result  which  settled  the  issue  in  favor  of  the 
theory. 

This  is  the  openingcurtain  in  the  long  vision 
we  have  had  of  providing  facilities  for  high- 
energy  physics  which  would  be  seminal  to  the 
evolution  of  the  field.  The  Tevatron  provides 
the  combination  of  the  essential  data  of  fixed- 
target  research  and  the  bold  thrust  into  the 
highest  energy  domain.  If  the  beautiful  results 
of  this  experiment  on  sigma-beta  decay  are  in- 
dicative of  the  coming  scientific  payoff  of  the 
Tevatron  II  Project,  vc  can  look  forward  to  a 
long,  satisfying,  and  significant  impact  on  the 
high-energy  physics  community. 


The  Rest  of  the  Laboratory 


Other  articles  in  tin*  volume  address  the 
haver,  the  fixed-target  physics  program,  some 
magnet  production  nostalgia,  the  Advanced 
Computer  Project,  ami  photo  e**ays  on  TeV  I 
and  the  Collider  Detector  at  Kerniilali.  We 
should  mention  that  1984  *aw  the  final  DOR, 
approval  oi  the  IX)  collider  detector  —  now  a 
malice  dc*ijm  with  einpha»i*  on  complemen- 
tary attribute*  to  (J)F.  In  combination,  the  two 


detectors  will  make  a  powerful  attack  on  the 
term  incofunla  of  2-Te\  collisions.  The  trouble 
U  the  pace  with  which  funding  will  become 
a\ailahlc  for  DO.  In  1985  we  will  try  hard  to 
com  inn-  even  one  who  will  listen  that  DO  must 
go  faster  and  he  complete  us  soon  as  possi- 
ble.We  intM  not  !u*e  the  thrust  of  2-Tc\ 
phv<oc«. 

In  tin*  i — lit*,  w  hat  of  the  misiiug  heroes  in  the 
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*upport  sectors  of  the  Laboratory  —  of  those 
that  pay  the  payroll  and  buy  the  things  and  write 
the  contracts  and  serve  the  food  and  maintain 
the  Lab  and  plow  the  roads  and  groom  the  buf- 


faloes and  fill  the  auditorium  and  machine  the 
parts  and  produce  the  drawings  and  invent  the 
gadgets  and  guard  tiic  ramparts.. .of  all  of  thee 
we  sing! 


Philosophical  Finale  I 


At  a  History  of  Science  Society  meeting  in 
November  we  were  stimulated  to  review  the 
sociology  of  high-energy  physics.  Soi'rccs  indi* 
rate  that  in  the  1950s  one  could  do  two  or  so 
experiments  a  year,  each  one  involving  two  or 
four  collaborators.  In  a  more-or-less  gradual 
development,  one  now  does  an  experiment 
every*  three  years  with  20  or  40  collaborators  in 
the  fixed-target  program  and  one  enjoys  100-200 
dear  colleagues  in  the  collider  teams.  The  col- 
lides take  three  to  six  years  to  build  but  of 
course  physics  pours  out.  It  may  be  difficult  to 
explain  this  to  your  humanities  colleague  or 
*ouc  father-in-law,  but  the  large  group  tsn*t 
necessarily  a  catastrophe.  Participants  com- 
bine to  build  a  complex  detector,  each  univer- 
sity stibtcam  of  five  or  fifteen  fully  challenged 


to  delivera  complex  component.  When  physics 
comes,  the  subteams  that  have  developed  par- 
ticular pieces  have  use  of  all  the  components  of 
a  coherent  detector.  We  have  not  yet  learned  to 
apportion  special  credit  to  these  subteams  in 
recognition  of  how  the  various  pieces  of  physics 
are  really  done,  but  this  will  come.  When  we 
face  SSC  detectors  with,  perhaps  300-500 
member  teams,  the  mind  boggles,  the  hands 
sweat,  the  pulse  quickens.  We  must  be  very 
creative  in  treating  the  sociology  here.  CDF  and 
DO  will  be  U.S.  pilot  programs.  The  central 
issue  is  whether  the  universities,  the  intellec- 
tual owners  of  this  Laboratory,  can  continue  to 
use  and  manage  this  research  with  profi.  and 
pleasure. 
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Philosophical  Finale  II 


Avid  readers  of  the  science  fiction  of  the  *30s 
may  be  impatient  with  the  failure  of  the  *80s  to 
match  the  predicted  technology,  lifestyle,  and 
romanticism,  but  we  can  hardly  fault  the  prog- 
rete  of  physics.  At  Fermilab,  overworked,  ob- 
sessed with  getting  through  the  day  and  week 
not  to  mention  the  fiscal  year,  we  tend  to  neglect 
the  culture  of  physics,  the  progress  made  by  our 
former  colleagues,  fellow  graduate  students  in 
such  dynamic  fields  as  quantum  optics,  con- 
densed matter,  and  polymer  physics.  We  tend 
to  overlook  the  interdependence  of  our  disci- 
pline, yet  some  of  our  theorists  first  learned 
about  symmetry-breaking  from  condensed 
matter  theory,  and  our  superconducting  alloys 
wrre  developed  in  materials  science  labs.  We 
sho'ild  be  pleased  that  the  first  priorities  among 
colleagues  in  nuclear  science  and  in  materials 
science  is  for  powerful  accelerators  to  provide 
electrons  for  nuclear  probes  and  for  blinding 
synchrotron  light.  We  are  witnessing  changes  in 
the  boundaries  of  our  subject  as  relativistic 
heavy  ion  collisions  merge  from  one  side,  and 
on  the  other  side  we  have  a  de  facto  joining  of 
particle  physics  and  cosmology. 

Why  this  sudden  glow  of  physics  culture? 
Quite  frankly,  it  comes  from  the  vision  of  the 
high-energy  community  (some  critics  would 
call  it  an  apparition)  which  is  the  superac- 


celerator,  SSC.  When  this  is  discussed  outside, 
with  good  scientists  in  other  disciplines,  there 
results  a  lively  exchange  which  often  leads  to  a 
new  appreciation  of  the  interdependence  of 
our  diverse  fascinations. 

The  decision  makers  will  be  facing  proposals 
for  a  variety  of  expensive,  centrally  shared 
facilities  in  the  next  five  years,  and  some  very 
deep  thinking  will  have  to  go  into  setting 
priorities.  This  is  because  it  is  highly  unlikely 
that  there  is  enough  statesmanship  around  to 
recognize  that  a  doubling  of  the  very  basic  re- 
search budget  (say  from  $3  billion  to  $6  billion) 
would  very  likely  produce  fantastic  social  and 
economic  dividends  over  the  next  three  dec- 
ades. We  hasten  to  add  that  basic  research,  and 
our  own  subject,  have  fared  relatively  well  in 
recent  years.  We  do  have  a  Tevalron  and  we  will 
use  it  as  well  as  we  can!  We  will  do  this  in  spite 
of  the  admonition  not  of  the  DOE,  not  of  our 
graduate  students  but  of  that  seventeenth  cen- 
tury poet  and  anguished  spirit,  John  Donne; 

We  gape,  we  grasp,  we  gripe,  tdd  store  to 
store; 

Enough  requires  too  much;  too  much 

craves  more.  ■>  . 
Thus  we.  Poor  little  worlds!  with  blood  and 

sweat. 

In  vain  attempts  to  comprehend  the  great. 
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II.  Construction  of  the  TeV  I  Antiproton  Source 


Tin-  \nti|iriiliiii  sunn  *-  I  roll  I  l\ir  dir.  looking  north  lo*jnl  U  iUo:i  i!j|L  Tli*-  Tur^l  Nervier  Buiiilin* 
i-  jt  llii'  l«»«er  rifslil  nrxl  to  the  \Jjin  ltni|£.  Tin-  ilir«-f  »rni(c  limldihjt*  t  («-jrt>  *how  ilic  Irur^ular 
«»l         \liliprotoii  Sourer  ruij:*- 
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III.  Fixed-Target  Physics  at  800  GeV 


^ ith  commissioning  of  the  Tevatron,  Fer- 
milab  possesses  the  highest  energy  particle 
beams  in  the  world.  The  challenge  now  is  their 
full  utilization.  In  anticipation  of  this  chal- 
lenge, a  large  number  of  new  facilities,  under 
the  rubric  TeV  11,  have  been  constructed,  with 
more  on  the  way.  Completion  of  the  construc- 
tion program  is  expected  within  a  year.  There 
exist  several  new  beam  lines  and  theirancillary 


enclosures,  as  well  as  new  experimental  halls, 
such  as  the  splendid  new  Muon  Lab. 

Already  some  of  the  higher-energy  beams 
have  been  used,  and  new  physics  results  are 
beginning  to  emerge.  In  this  report,  we  review 
recent  accomplishments  in  this  "fixed-target** 
program  and  describe  experiments  in  progress 
and  others  yet  to  come. 


Physics  Coals 


The  research  of  the  past  two  decades  has  led 
to  the  remarkably  successful  picture  of  funda- 
mental forces  (strong,  electroweak)  and  con- 
fluents (up*  down,  charm,  strange,  bottom, 
top  quarks)  comprising  the  standard  model.  An 
apparently  solid  framework  now  exists  for 
going. further  and  attacking  the  great  unan- 
swered questions  remaining  before  us,  such  as 
the  origin  of  elementary  particle  masses.  Most 
of  the  TeV  11  program  concerns  this  standard- 
model  framework  —  how  strong  and  solid  is  it? 
We  need  not  just  the  existing  skeleton,  but  also 
all  the  vital  elements  that  turn  it  into  a  complete 
structure.  The  basic  parameters  of  electroweak 


theory  need  to  be  precisely  found.  The  theory 
of  strong  interactions,  quantum  chromody- 
namics,  is  far  from  developed  and  Its  implica- 
tions on  how  hadrons  are  built  up  from  con- 
stituent quarks  not  well  enough  worked  out. 
The  heavier  charm  and  bottom  quarks  are 
especially  valuable  here,  and  the  Fermilab 
beams  produce  an  enormous  number  of  them. 
CP  violation,  which  goes  to  the  heart  c*  the 
leep,  unanswered  questions,  lsbeingstudied  in 
TeV  11  beams,  as  well  as  pursuits  of  other 
phenomena  which  seem  to  lie  beyond  the  stan- 
dard model. 


New  Capabilities 


It  is  important  to  realize  that  the  energy  im- 
provement of  the  Tevatron  means  much  more 
thanjUftt  a  factor  of  two  in  laboratory  energy,  or 
a  40%  increase  in  center-of-mass  energy.  This 
occurs  for  several  reasons: 

1.  First  of  all,  in  going  from  400  GeV  to  800 
GeV  laboratory  energy,  one  is  crossing  the 
threshold  for  production  of  systems  con- 
taining bottom  quarks.  At  the  higher 
energy,  the  cross  sections  are  expected  to 
be  between  a  factor  of  5-10  greater  thun  at 
the  previous  energies. 

2.  There  is  a  major  improvement  in  flux  in 
the  secondary  hadron  beams.  This  comes 
a  ho  tit  because  the  higher  energy  super- 
conducting transport  lines  accept  a  much 
larger  bite  in  transverse  momentum  than 
was  the  case  at  lower  energy. 

3.  There  is  a  large  improvement  in  duty  fac- 
tor, which  used  to  be  1  second  out  of  every 
10  nr  15  seconds.  In  present  running  it  is 
about  20  seconds  per  minute. 


4.  The  extra  two-thirds  of  a  unit  of  rapidity 
which  is  available  in  produced  phase  space 
at  the  higher  energies  allow>  better  separa- 
tion of  the  various  fragmentation  regions 
for  ordinary  processes.  In  particular, 
there  is  emergence  of  the  "central  plateau** 
separating  the  target  and  projectile  frag- 
mentation regions.  This  is  important  for 
studies  which  attempt  to  son  out  produc- 
tion mechanisms  and  especially  relevant 
for  A-dependence  studies. 

5.  The  larger  Lore  ntz  factor  for  particles  with 
short  lifetimes,  e.g.,  charm,  can  be  useful 
in  helping  to  sort  them  out  from  the  colli- 
sion debris. 

6.  While  one  might  expect  a  lower  flux  for 
neutrino  experiments  because  of  the 
longer  cycle  time  at  the  Tevatron,  this  is 
*ssentially  compensated  by  the  n*e  in  the 
total  cross  section  ami  the  improvement  in 
acceptance  due  to  the  smaller  angular  di- 
vergence of  the  neutrino  beam. 
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Figure  1,  Fermilab  >econ<Lr>  beam:,  and  the  IocjIc  of  experiment. 


TL..s,  for  all  of  ihoc  reasons  one  ma>  expect 
a  qualitatively  diffrrrnt  situation  at  the  Tevat- 
ron  than  ha>  existed  in  previous  machine^, 
either  the  SPi>  or  the  Fcrmilab  Main  Ring. 

The  rxuting  fixed-target  program  is  a  very 
broad  one.  comprising  about  two  dozen  ap- 
prn\ed  experiments  About  a  dozen  of  these 
vv ill  be  on-line  in  the  coming  >ear.  While  these 
experiment*  cover  a  diverge  set  of  topics*  they 
can  be  roughly  categorized  into  the  following 
group v  heavv  quarks.,  leplnn-induced  proc- 
ess^, lurd  collision*,  and  tests  of  QCD.  There 


are.  in  addition,  studies  of  weak  decays  and 
magnetic  moments,  and  strong-interaction 
studies  using  polarized  beams  of  p  and  p.  Table 
I  exhibits  the  experimental  program.  The  ex- 
periments in  progress  are  classified  into  these 
categories,  Figure  1  shows  their  location  in  the 
fixed-target  area. 

In  the  following  sections,  we  will  look  at  ex- 
periments by  category,  irrespective  of  their 
status  in  time;  thus,  we  look  both  at  recent  re- 
sults and  future  programs. 


Table  I 

Glossary  of  \ppro\ed  Experiments  in  the  Fermilab  Fixed-Target  Program 


Electroweak 


F-63J 


E-615 
E-616 


*  IDE  B  \ND  NEt  TRIMOS  IN  THE  15  FT  BUBBLE  CHAMBER  (Berkeley,  Birmingham, 
BnissrU.  CEN  Sacla>.  CERN,  Fermilab,  Hawaii.  IIT,  Imi>erial  College,  MPI/Munich,  Ox- 
ford. Rutgers.  Rutlierford-Appleton,  Stevens,  Tufts) 
SEARCH  FOR  AMOM-LIKE  OBJECTS  (Fermilab,  VPI) 

<Tim  OF  BEAM  DIMP  PRODUCED  NEUTRINOS  (Beijing.  Brown.  Fermilab,  Haifa, 
Indiana.  MIT.  ORM..  Seton  Hall,  Tel-Aviv,  Tennessee,  Toboku,  Tohoku  Gakuin) 
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Table  I  Continued 

Mito   ST1  \}\  Ol  PROM  IT  NEl  TRIMO  PRODI  CTION  (Berkeley,  Columbia.  Fermilab.  Hawaii. 
Rutgers) 

E-6W   M  CLEON  STRl  CT'.  RE  FUNCTIONS  AT  HIGH  Q1  (Fermilab.  MIT,  Michigan  Slate) 
rMZ    NEl  TRINO  V\\\  MCS>  AT  THE  TE\  ATRON  (Chicago,  Columbia,  Fermilab,  Rochester) 
Mitf    Ml  ON  SCATTERING  WITH  HADRON  DETECTION  (Argonne,  Cracow,  CERN,  Fermilab. 
Freiburg.  Har>*rd.  Marvland,  MIT.  MPI/Mumch.  San  Diego.  Washington,  Wuppertal,  Yale) 
NEl  TRINO  INTERACTIONS  WITH  Ql'Al)  TRIPLET  BEAM  (Fermilab.  Florida,  MIT, 
Mirhig.ui  Male) 

K-744  NEl  TRINO  PHYSICS  WITH  Ql  AD  TRIPLET  BEAM  (Chicago,  Columbia.  Fermilab, 
Rochester) 

.vTM  NEl  TRINO  I'lttMlb  *v  ITH  Ql  AD  TRIPLET  BEAM  (Beijing.  Brown.  Fermilab.  Haifa, 
Indiana.  MIT.  Nagoya.  ORNL.  Tel-A\i\.  Tennessee.  Tohoku,  Tohoku  Gakuin) 

J)eca\s  and  CP 

E-621    MEASUREMENT  OK  n4.c  (Michigan.  Minnesota,  Rutgers,  Wisconsin) 
E-721    CP  \  IDEATION  (Arizona.  Athen>.  Duke.  Mc(;ill.  Northwestern,  Shandong) 
E-731    ME  AS  I  ftEMENT  OF  tit  (CEN/hacla>.  Chicago.  Elmliiirst.  Fermilab.  Princeton) 

Hea\>  Quark* 

K  (n{   HADRONIC  PRODI  CTION  OF  CHARM  AND  B  (Aichi.  Carnegie-Mellon,  Chonnam.  VCi 

l)j\  i».  Gifu.  Gyenngsang.  Jennbug.  Kobe.  Korea.  Nagoya,  Ohio  State.  Okayama,  Oklahoma, 

(>*aka  Citv.  O^aka  Sci.  Ed.  Inst.,  Sookniyong  Woman*.  Toho,  Won  Kwang) 
E-G87    PHOTOPRODl  CTION  OF  CHARM  AND  B  (Colorado,  Fermilab,  Illinois  INFN/Frascati, 

INFN/Milano.  U.  Milano,  Northwestern.  Noire  Dame) 
E-MM   STI  IA  Or  CHARM  AND  B  PRODUCTION  (Columbia.  Fermilab,  Ma^chu^-ells.  Mexico) 
E-o'M    PHOTON  PIHSICS  WITH  TAGGED  PHOTON  SPECTROMETER  (CC/Santa  Barbara. 

(.arletun.  CBPFBrazil.  Colorado,  Fermilab.  NRC/Canada.  Oklahoma,  Sao  Paulo. Toronto) 
E-703   (.HARMON 1 1  M  AND  DIRECT  PHOTON  PRODI  CTION  (Arizona,  Athene  Duke,  Fer- 

milah.  McGill.  Northwestern,  Shandong) 
E-7U   (.HARM  PRODI  CTION  IN  PP  COLLISIONS  (Aachen  Brussels.  CERN.  Duke.  Fermilab, 

Honda  Mate.  Cull,  of  France,  Kansas.  LPNHE;  France.  Michigan,  Michigan  Slate,  Mons, 

N.Ure  Dame.  Slrasboiirg,  Vanderlnll) 

Hard  Collision* 

E-605    LEITONS  AND  HADRONS  NEAR  THE  KINEMATIC  LIMIT  (CERN.  Columbia,  Fermilab, 

KEK.  Kyoto.  Saclay.  SUNY/Stony  Brook,  Washington) 
E-672    HIGH  PT  JETS  AND  HIGH  MASS  DIMLONS  (Arizona,  Caltech.  Chicago  Circle,  Fei  nlab, 

Florida  Slale.  George  Mason.  Indiana.  Maryland,  Rutgers.  Serpukhov) 
E-683    PHOTOPRODLCTION  OF  HIGH  PT  JETS  (Arizona.  Fermilab,  Lehigh,  Rice,  Vanderbilt, 

Wisconsin) 

E-704  EXPERIMENTS  WITH  POLARI/ED  BEAM  FACILITY  (Argonne,  Austin.  UC/Bcrkeley, 
Fermilab.  KEK,  Kyo*o,  LAPP/Fr^nce,  LBL.  Norlhwestcrn.  Rice,  Saclay,  Serpukhov, 
Trieste) 

E-706    DIRECT  PHOTON  PRODUCTION  (Delhi.  Fermilab.  Michigan  State,  Minnesota.  Nor- 

tlieastcrn.  Pennsylvania,  Pittsburgh.  Rochester.  Rajasthan) 
E-711    CONSTITl  ENT  SCATTERING  (Ut ./D.i>  is,  Fermilab.  Florida  State.  Michigan) 

Others 

E-466    Nl  CLEAR  FRAGMENTS  (Argonne.  Chicago.  Chicago  Circle.  Purdue) 

E.3H8    EMI  IMON  -MULTI  PARTICLE  PhOL'  CTION  (Cracow,  Louisiana  Slale.  Tashkent) 

E-:>2t    EMI  LMON  PROTONS  GREATER  THAN  5(H)  (;E\  (Washinglon) 
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Table  I  Continued 

E-576    EMULSION/500  GEV  PROTONS  (Belgrade,  Fermilab,  Lund,  Lyon,  N*ncy,  Ottawa,  Paris  VI, 

Santander,  Strasbourg,  Valencia) 
E-750    EMULSION/MULTIPARTICLE  PRODUCTION  (Delhi) 
E-751    EMULSION/1  TEV  PROTONS  (SUNY/Buffalo) 

E-753    CHANNELING  STUDIES  (Bell  Northern  Research,  Chalk  River,  FermilaK  New  Mexico, 
.SUNY/Albany) 

E-754    CHANNELING  TESTS  (Case  Western  Reserve,  Fermilab,  GE  K&D  Center,  Sandia,  SUNY/ 
Albany) 


Weak  Decays  and  Magnetic  Moments 


Perhaps  the  most  important  recent  result 
from  Fermilab  is  the  measurement  (E-617)  of 
«''«  shown  in  Fig.  2.  The  result  is  consistent  with 
zero  and  begins  to  put  constraints  on  the  stan- 
dard Kobayashi/Maskawa-plus-penguin  pic- 
ture of  CP  violation.  The  theoretical  uncer- 
tainties) are  large  and  one  cannot  claim  dis- 
agreement with  theory  at  this  time.  Perhaps  the 
main  result  of  this  measurement  is  to  decrease, 
if  not  eliminate,  the  theoretical  hubris  sur- 
rounding the  attempts  to  calculate  or  minimize 
uncertainties  in  the  long-distance  contribu- 
tions to  the  KR-mixing  phenomenon.  Also 
shown  in  Fig.  2  is  the  recent  Yale/Brookhaven 
measurement,  which  also  shows  consistency 


with  zero.  The  E-617  group  is  now  rebuilding 
their  apparatus  and  will  soon  embark  on  new 
measurements  (E-731)  using  the  same  tech- 
nique. The  anticipated  improvements  in  the 
control  of  both  systematic  and  statistical  errors 
should  considerably  reduce  the  uncertainty  in 
the  result. 

A  highlight  of  the  Fermilab  program  for 
many  years  has  been  the  systematic  measure- 
ment of  the  polarization  of  leading  hyperons 
together  with  measurements  of  their  n  »*n»;ic 
moments.  This  program  is  nearly  complete  at 
this  time,  as  shown  in  Table  II.  There  is,  let  us 
say,  agreement  to  within  10-15%  with  the 
quark-model  predictions.  The  accuracy  of  the 
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Figure  2.  Comparison  of  measurements  of  the  CP  violation  parameter  e*/<  and  theory. 
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niej!»urrnient>  has  reached  a  point  where  tlie 
comparison*  are  dominated  b>  theoretical 
*y>tematic  errors  rather  than  experimental 
one*.  It  remains  to  be  seen  how  much  thc»e  can 
be  beaten  down  by  theorist*  in  the  future. 

There  ha*  been  a  nagging  discrepancy  with 
the  standard  model  in  old  measurements  of  the 
electron  asymmetry  in  the  /3-dccay  of  polarized 
S"  hypcrom.  A  new  Fermilab  experiment 
(E-7I5)  has  very  beautifully  remea»ured  thit. 
quantity,  and  the  results  have  been  reported. 
They  are  shown  in  Fig.  3.  Whereas  the  old 
measurement*  disagreed  with  Cabihho  theory 
in  magnitude  and  .iign.  the  new  mea»urement  \* 
decisively  in  accordance  with  the  prediction*. 
Had  this  not  occurred,  there  would  ha\e  been 
ma>*  suicide  w  the  theoretical  community.  It 
would  have  been  very  hard  to  accommodate  the 
old  roult>  within  the  standard  picture. 

Another  CP  meaMirement  is  underway  at 
rVrnulab.  A  group  from  Michigan,  Minnesota, 
Kutger*.  and  Wisconsin  (E-621)  is  attempting 
the  ambitious  difficult  task  of  measuring  CP 
Violation  in  the  thr  e-pion  decay*  of  the  K^and 
K, :  m  other  words,  to  measure  This  ex- 
periment, which  uses  a  double  beam  tech- 
nique, has  been  >ct  up  and  hat*  taken  *ome  te*t 
data  Production  running  v*  ill  t  otnmriice  in  the 
in*\|  running  pert    '    The  experiment allots 


hope  to  reach  the  10  1  level,  where  there  i*  ex- 
pected to  be  an  effect.  However,  the  problems 
of  systematic  errorsare  difficult, and  it  remain.* 
to  be  seen  how  close  they  really  will  get. 
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Figure  3.  Comparison  of  measurement*  of  the 
electron  asymmetry  in  i,  /3»dec  ay  with  theory. 


Table  II 

Barton  Magnetic  Moments* 
Quark 


Harvoti 

Experimental 
/x,  tiiuln  e*n/J?ni|lc 

Model 
Prediction 

K/2-1 

V 

2.7928436  (11) 

input 

1.79 

11 

-1  01304184  (881 

input 

\ 

-  0.6138  1  0.0017 

input 

v  • 

2.357  ±  0.012 

2.67 

-  0.30  ±  0.01 

2.00  ±  0.014 

|i«-.A| 

-  1.63 

-0.19!  B 

\ 

-  1.151  ±  0.021 

-  1.09 

-  0.06  ±  0.021 

0.47  ±  0.03 

~0 

-  1.253  ±  0.01 4 

-  1.43 

+  0.18  ±0.014 

-  0  69  ±  0.01 

-  0.49 

-  0.20  ±  0.04 

-  0.03  ±  0.05 

a)  Data  from  Rev  Mod.  Phys.  52,  SI  (1980).  except  for  /x  *.  M  ~.  M  °.  and  fi 
t  ( !0>15Kt  agreement  with  quark  model  i      1  1 
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Electroweak  Paramtters 


Neutrino  physics  by  now  has  become  a  rather 
mature  subject,  with  a  demanding  level  of  pre- 
cision. Recent  results  (E-616)  from  the  CCFRR 
group  on  structure  functions  are  shown  in  Fig. 
4.  They  show  that  the  QCD  scale  parameter  A  is 
beginning  to  be  determined  quantitatively,  al- 
though there  is  still  som^  way  to  go.  This  is  best 
shown  in  Fig.  5,  which  exhibits  measurements 
of  total  cross  section.  The  linear  rise  with 
energy  is  well  verified,  but  there  are  also  clear 
systematic  differences  between  the  set  of  mea- 
surements of  CCFRR  and  their  European 
competition,  CDHS.  Thus  the  business  of  pre- 
cision measurements  in  neutrino  reactions  still 
has  a  way  to  go  when  pushing  beyond  the  10* 
error  level  of  accuracy.  The  downstream 
neighbor  (E-594)  of  the  CCFRR  experiment. 


one  which  emphasizes  neutral  current  physics, 
has  also  imported  new  data  (Fig.  6,.  The  ratio  of 
x-distributions  from  neutral  currents  to  *hose 
for  charged  currents  are  seen  to  be  independent 
of  the  scaling-variable  x  as  expected  from  stan- 
dard electroweak  theory.  Some  typical  events 
from  this  fine-grained  calorimeterare  shown  in 
Fig.  7.  Both  experiments  also  measure  the  ratio 
of  neutral  current  to  charged-currect  cross  sec- 
tions. The  numbers  are  shown  below,  along 
with  the  new  result  from  the  neutnno-electron 
scattering  experiment  at  Brookhaven: 
sinl0w  =  0.242  ±  0.010  ±  0.005  CCFRR 

0.243  ±  0.0H  ±  (-0.014)  FNMM 

(preliminary) 

0.209  ±  0.029  ±  0.013  BNL 
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Figure  4.  Structure  function  F,  as  nieaMired  by  Figure  5.  Neutrino  *otal  cross  sections  as  mea- 
the  CCFRR  group  at  Fernulab.  8ured  by  CCFRR  and  CDHS. 
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Figure  6.  Dependence  on  scalirg  variable  x  of 
(lie  ratio  ot  neutral-current  and  charged- 
current  structure  functions  as  measured  by  the 
FN  MM  group  (E-594)  at  Fermilab. 

Figure  7.  Typical  events  as  seen  in  the  FNMM 
ca.^.'imeter.   ► 
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QCD  and  Hadron  Structure 


Cross  section  measurements  in  neutrino 
beams  impinge  as  much  on  QCD  properties  as 
on  electroweak  theory.  We  have  already  men- 
tioned A  determinations  from  charged-current 
data.  CCFRR  has  measured  rather  well  the 
structure  function  xF3as  shown  in  Fig.  8.  Espe- 
cially interesting  to  me  is  the  determination  c  f 
the  Regge  asymptotics  at  small  x»  and  the  estab- 
lishmc  it  of  the  G*  oss-Llewellyn-Smith  sum 
rule  (int.  1  QCi)  .adiative  corrections). 
Structure  funcn^  from  both  neutrino- 
scattering  and  rauon-scattering  experiments  at 
Fermilab  and  CERN  are  in  reasonably  gon'l 
agreement  with  QCD  and  with  each  other.  A 


new  round  of  muon-scattering  experiments 
(E-665)  in  a  vastly  improved  beam  and  at  much 
higher  energy  is  being  prepared  at  Fermilab.  A 
large  spectrometer  using  the  Chicago  Cyclotron 
Magnet  and  vertex  spectrometer  from  the 
CERN  EMC  experiment  is  now  beinginstalled. 
The  experiment  v  ill  be  commissioned  in  the 
1986  running  period.  The  principal  goals  of  that 
experiment  are  the  study  of  the  A-dependence 
of  structure  functions  and  of  the  hadronization 
process. 

We  now  turn  to  QCD  tests  done  with  incident 
hadrons.  There  is  quite  a  variety  of  them  in  the 
program*  using  many  different  techniques. 
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Figure  8.  The  structure  function  XF,  as  mea- 
sured by  CCFRR. 


Results  from  E-615,  which  looks  at  forward 
Drell-Yan  dileptons,  were  recently  published. 
It  was  predicted  by  Berger  and  Brodsky  that  as 
the  Feynman  x  variable  approaches  unity,  the 
dilepton  angular  distribution  rhould  change 
from  the  usual  l+cos'0  behavior  tcward  a  sin'0 
behavior  as  a  consequence  of  "higher  twist" 
non-scaling  contributions.  This  is  very  clearly 
seen  in  the  data  (Fig.  9).  Not  anticipated  by  the 
theorists  h  a  decreasing  value  of  mean  trans- 
verse momentum  of  the  dilepton  in  the  »ame 
limit. 

Another  new  result  comes  fro»-.»  mea- 
burenients  (E-609)  of  dijet  production  from  in- 
cident pion*  and  protons.  The  history  of  jet 
production  in  fixed-target  e\r*«riments  has 
been  a  checkered  one.  If  one  tt  ies  to  trigger  on 
jets  with  a  total  transverse  energy  trigger,  such 
as  done  in  the  collider  experiments  at  CERN, 
one  ia  swamped  by  a  background  from  azi- 
muthaUy  isotropic  events  of  very  high  multip- 
licity. These  ever.tr  are  interesting  in  their  own 
right,  but  do  net  seem  to  have  much  to  do  with 
simple  binary  QCl>  hard  collisions.  There  "is 
however,  increasingly  strong  evidence  that  the 
jets  .ire  there,  albeit  buried  in  heavy 
background,  and  that  other  triggers  which  are 
sufficiently  unbiased  to  be  convincing  may  he 
lued  to  pull  out  (lie  jet  Mgnal.  One  »uccr«*fu! 
example  Fernando  at  lej*t  two  isolated  high-pr 
particle!,  above  a  prescribed  pT  threshold  irre*- 
peclive  of  th-ir  uzimutlul  correlation.  Tin* 
trigger  succeeds,  in  producing  event*  of  high 
platuritv.  Indeed.  j»  the  total  Kr  of  the  event* 
increase,  the  pljimritv  increase*  despite  u  con- 
stant threshold  p,.  Tim*.  b>  tin*  jnd  other 
mean*  E-609  |u    v»  t||  r»v«onjhlv  convincing 


arguments  produced  a  differential  cross  section 
for  inclusive  jet  production  which  in  fact  agreer 
reasonably  well  with  QCD  expectations. 

Another  interesting  result  from  E-609  is  the 
comparison  of  the  jet  production  in  pion  beams 
relative  to  proton  beams.  Another  idea  of  Be- 
rger and  Brodsky  is  that  some  of  the  time  the 
pion  behaves  like  a  point-like  particle,  when 
the  quark  and  antiquark  of  the  pion  are  atop 
each  other  and  produce  no  source  of  gluon 
field.  If  this  configuration  does  exist  within  the 
pion,  then  on  arrival  at  the  target  it  may  dif- 
fractively  dissociate  into  a  pair  of  jets  without 
production  of  any  beam  jet.  For  a  proton  pri- 
mary this  would  be  less  likely  because  of  the 
three  quarks  rather  than  two.  Very  preliminary 
data  from  E-609  show  (Fig.  10)  an  excess  of 
events  in  which  there  is  little  or  no  forward 
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"bcam  jrt1"  ener^'.  Whether  this  is  simply  a 
reflection  of  the  stiffer  quark  distribution  in 
ilir  pion  relative  to  thr  proton  is  not  clrarat  t!<is 
time  and  requires  considcrabt)  more  anal>sis. 
What  is  clearly  shown  is  that  jet  phenomena 
produced  by  pion  beams  differ  significantly 
from  those  in  proton  processes. 

A  variant  of  this  same  idea  will  be  pursued  by 
E-683.  which  uses  a  photon  in  the  initial  state  to 
produrr  Cwojets.  Half  of  the  time  the  photon  is 
not  "\cctor-dominalcd"  by  p.  but  is.  on  arrival 
at  the  target,  believed  to  be  a  bare  qq.  If  that  is 
the  case,  it  can  also  materialise  into  a  jet  pair 
without  any  beam  jet  being  produced  in  thr 
direction  of  the  initial  photon.  It  is  this  process 
for  which  thr  experimentalists  will  search.  This 
is  a  considerably  cleaner  situation  than  for 
piominducrd  dijets. 

To  go  further  in  the  study  of  fixed-target  hard 
collision?*  will  probably  require  more  precisel) 
defined  experimental  quantities  than  the 
rather  amorphous  objects  of  5-10  GeV  pT. 
which  are  ditiicull  to  accurately  define  as  jets, 
especially  gi\rn  the  ver>  steeply  falling  pro- 
duction spectrum.  One  attempt  to  do  this  is  \ia 
measurement  of  leading  dihadrons  of  high  pT. 
This  is  attempted  in  two  experiments:  E-605  is  a 
\er\  high  resolution  spectrometer  which  oh- 
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dent energ>  contained  in  the  E-609  beam-jet 
Calorimeter. 
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Figure  11.  Observation  of  hadronically  pro- 
duced x  states  in  E-610  and  E-673. 


serves  dihadrons  produced  symmetrical!)  at 
90°  in  the  center-of-mass.  with  rather  small  an- 
gular acceptance.  Complementary  to  th.s  is 
E-711.  which  will  look  at  charged  dihadrons 
without  further  particle  identification  hut  with 
very  large  angular  acceptance.  Experiment  605 
has  taken  data,  which  is  now  under  analysis. 
Experiment  711  is  under  preparation  and 
should  run  during  this  running  period. 

Another  attack  is  to  look  at  direct  photons 
produced  in  hard  collisions.  The  direct-photon 
process  provides  a  precise  measurement  in 
terms  of  the  yieid  of  inclusive  photons  as  a 
function  of  their  kinematic  angle  and  trans- 
verse momentum.  The  presence  of  this  elec- 
tromagnetic particle  also  makes  theoretical  cal- 
culations easier  and  Ies»  ambiguous.  A  new  ex- 
periment (E-706)  will  not  only  measure  photons 
with  high  precision  and  very  large  coverage  but 
will  also  look  at  the  properties  of  the  associated 
jets. 

Yet  another  approach  is  to  stu*';  onia.  in 
particular  x  states  presumably  produced  by 
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glue-glue  annihilation.  Limited  data  (Fig.  11) 
already  r  xist  from  Fermilab  experiments  E-6I0 
and  E-673  on  this.  To  my  knowledge,  the  results 
don't  agree  verv  well  with  simple  theories,  and 
in  any  ease  a  much  more  extensive  data  sample 
will  be  required  to  make  incisive  comparisons. 
Experiment  70S,  now  being  set  up,  will  do  thu 
and  should  increase  the  sample  of  \  statea  de- 
caying into  ipy  by  an  order  of  magnitude. 

'The  precursor  of  thia  experiment  (E-537) 
produced  very  good  data  on  antiproton  an- 
nihilation on  heavy  targe ta  into  dimuons.  From 
this  process,  one  may  quite  directly  determine 
the  >alence«quark  structure  of  the  projectiles. 
Figure  12  shows  the  resulting  x  distribution  of 
quarks  in  the  antiproton  together  with  QCD 
comparisons.  The  agreement  is  quite  satisfac- 
tory. 

An  additional  experiment  which  will  probe 
the  dynamics  of  hard  collisions  ia  E-672,  which 
will  observe  hadrons  in  association  with  ^  and 
Dretl-Yan  dilepton  production.  In  addition, 
E-704  will  examine  a  variety  of  soft  and  hard 
processes  with  incident  polarised  protons  and 
antiprotons.  Polarixed-beam  and  polarixed- 
target  experiment!  are  a  very  good  constraint  on 
theoretical  model  building.  There  is  nothing 
which  ensures  the  continued  humility  of 
theorists  as  well  as  measurements  of  po la ri ra- 
tion phenomena.  Theorists  who  successfully 
explain  unpolarixed  data  are  often  brought  to 
their  knees  when  the  polarisation  information 
comes  in. 
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Figure  12.  Valence-quark  structure  function  as 
detern-  ned  from  p  induced  Drell-Yan  dilep- 
tons  (E-537). 


Heavy-Quark  Physics 


In  principle,  prospects  for  charm  and  bot- 
tom physics  at  a  fixed- Urge t  hadron  machine 
are  great.  Given  10"  interacting  hadrons  per 
experiment,  one  may  expect  a  yield  ofS-million 
produced  b&  and  100-million  produced  cc 
pairs.  This  easily  exceeds  the  world  production 
of  such  quantities  in  e*e  collisions  from  now 
into  the  foreseeable  future  —  including  Z  fac- 
tories such  as  LEP  and  SIX.  Of  course  the 
problem  is  signal -to- noise.  In  addition  to  all 
those  bottom  and  charm  quarks,  ihere  is  a  tre- 
mendous number  of  ordinary  ones  produced  as 
well.  Whether  a  fixed-target  program  in 
heavy-quark  physics  can  compete  with  eV 
colliders  is  therefore  a  serious  issue.  I  think  it  is 
too  early  to  tell  what  the  ultimate  situation  will 
be.  But  I  do  feel  that  there  is  real  cause  for 
optimism  in  the  case  of  hadron  machines,  and 


that  there  is  good  reason  to  fight  the  good  fight 
against  the  evil  background  to  the  bitter  end.  In 
terms  of  technique,  there  is  at  least  one  advan- 
tage of  hadron  machines,  in  that  one  may  see 
the  vertices  of  the  events  better  than  one  does  in 
e*e  processes.  This  is  sure  to  help  on  an  event- 
by-event  basis,  where  one  may  hope  to  un- 
scramble which  track  came  from  which  vertex 
in  a  better  way  than  can  be  done  in  a  collider. 

The  physics  case  for  looking  at  heavy  quarks 
produced  in  hadron  beams  goea  beyond  simply 
the  possibility  of  being  able  to  find  more  than 
one  finds  in  e*e"  collisions.  There  is  the  possi- 
bility of  having  a  greater  variety  of  hadrens 
containing  heavy  quarks  to  study.  In  particular, 
baryons  may  well  beeome  much  more  in- 
teresting as  the  properties  of  mesons  are  flushed 
out  and  well  determined  by  the  e*e  colliders. 
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In  term*  of  understanding  strong  interaction 
dynamics  baryon  structure  may  be  a  more  cru- 
cial test  than  the  rather  boring  two-body  poten- 
tial* which  one  uses  for  the  mesons.  If  there  are 
ntnngi  connecting  quarks*  do  they  imply  in- 
trinsic three-body  forces  as  well  as  pair  forces 
within  a  baryon?  Table  III  shows  the  variety  of 
different  kinds  of  mesons  *nd  baryons  one  may 
hope  to  see.  Already  there  is  some  evidence  for 
the  use  and  ssc  baryons.  Some  of  my  other  fa* 
vontes  are  the  ccd  and  possibly  ccs.  Further 
down  the  list,  one  has  to  be  optimistic  in  hoping 
that  one  can  find  them  in  hadron  beams,  but 
things  j>uch  as  the  bed  or  bss  would  be  most 
interesting  to  find.  The  be  meson  should  also  be 
interesting  to  observe.  It  is  not  clear  whether 


e*e  or  hadron  machines  ire  a  better  vfuy  to 
make  it  —  it's  not  easy  for  anyone. 

What  is  important  about  the  physics  of  charm 
and  bottom?  In  the  case  of  hadron  collisions, 
produciion  dynamics  should  teach  us  more 
about  QCD.*  It  ia  simply  not  understood  at 
present.  Normalization  and  energy  dependence 
of  (he  cross  section,  A-dependence  of  the  cross 
section,  x-dependence  of  the  cross  section,  and 
beam  dependence  of  the  cross  section  arc  only  4 
few  of  the  major  uncertainties.  Beyond  QCD 
production  dynamics,  the  spectroscopy  and 
decay  properties  are  of  great  interest  In  par- 
ticular, the  bottom  quark  is  especially  beauti- 
ful. Its  long  lifetime  impliesthat  it  undergoesin 
some  sense  a  forbidden  decay.  Therefore  the  b 
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Table  III 

Catalogue  of  QQ,  Qgq,  QQq,  and  QQQ  States  of  Future  Interest 
Number  Produced  in  Typical  Experiment 
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shotild  be  more  sensitive  to  rare,  hidden 
phenomena.  That  is,  the  branching  ratio  as- 
sociated with  a  rare  proceM  *  ill  be  larger  for 
bottom  than  for  other  quarks  simply  because 
the  total  width  is  smaller.  Ir.  the  fieM  of  b- 
decays,  the  e*c"  colliders  at  present  are  far 
alieau.  But  in  the  long  run  it  may  be  important 
to  study  a  variety  of  weak  decays  of  bottom  (ami 
cl  arm)  particles  for  the  same  reason  it  was  i ni- 
pt nam  for  the  strange  system.  The  basic 
parameters,  such  as  Cabbibo  angles,  were  de- 
termined through  a  variety  of  experiments,  not 
just  a  single  one.  Overdetermi  nation  of  these 
parameters  make  their  measured  values  more 
credible.  In  the  case  of  heavier  quarks,  one 
believes  that  simple  spectator  and/or  "factori- 
zation" models  should  be  more  reliable. 
Nevertheless,  there  htve  already  been  surprise* 
in  the  charm  system,  and  *rrprises  in  the  bot- 
tom ?->>tem  are  not  yet  ruled  out.  The  more 
measurements  that  become  available,  the 
greater  can  be  our  confidence  in  determining 
the  \ery  important  ba>ic  parameters  of  the 
standard  model. 

What  ha\e  hadron  beams  provided  us  in 
charm  ami  bottom  phytic*  thus  far?  In  bottom 
phwics.  it  of  cour>e  ga\e  u»  the  y  itself.  But 
be\ond  otiia.  there  is  not  much  at  all.  In  charm 
ph)%ic-.  information  on  lifetimes  has  been 
found  from  a  vanel)  of  experiments,  moo  of 


which  originated  in  hadron  (Hams  using  high- 
precision  vertex  detectors  such  as  nuclear 
emulsion  or  bubble  chambers.  In  Fig.  13  a  re- 
cent >ur**mary  of  these  determinations  is  given. 
In  terms  of  the  number  of  reconstructed  charm 
particles  per  exclusive  decay  channel, 
hadron-induced  processes  were  until  recently 
competitive  with  cV-induccd  processes.  As  an 
example,  in  a  photoproduction  experiment  at 
Fermi  lab  (E-516)  (see  Fig.  4),  very  clear  D*  sig- 
nals have  been  seen  (Fig.  14).  Another  intrigu- 
ing result  has  been  reported  by  E-623.  It  is  a 
byproduct  of  a  search  for  i}c  decay  into  4>4>, 
Within  a  data  sample  containing  4  charged 
kaons,  evidence  has  been  found  for  the  0i*>- 
bibo  forbidden  decay  of  D*  into  <$m%  as  shown  in 
Fig.  15.  There  are  about  240  entries  in  the  peak, 
which  regrettably  suffers  from  a  very  biased 
trigger  because  of  the  nature  of  the  search. 
Surprising  is  the  absence  of  a  corresponding  K 
nearby,  si  nee  the  branching  ratio  for  F  to  $rr  i*  a 
few  percent,  as  measured  by  e*e  collider  ex- 
periments. One  might  expect  the  production 
cross  section  ratio  FVD*  to  be  of  the  order  of 
ItKfr.  Thus  a  comparable  F  peak  might  have 
been  seen.  However,  the  experimentalists  cau- 
tion Hut  becvuse  of  the  bias  in  the  trigger,  one 
should  no)  draw  sirctig  conclusions  about  the 
relative  production  of  F  to  I)  from  thi»  mea- 
surement. »x)w-Mat».*)ici>  evidence  for  conipar- 
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jble  stre ngth»  of  F  and  D  production  does  exist 
from  the  ACCMOR  experiments  NAM '32  at 
CERN.  In  any  case.  this  4>tt  decay  mode  looks 
very  promising  for  future  studies  of  charm,  in 
particular  for  comparison  of  the  relative  pro- 
duction dynamics  of  F  and  D  in  hadron  colli- 
sions. 

The  upcoming  program  in  charm  physics  at 
Femilabco  *ain»  several  experiments.  In  the 
forthcoming  inning  period,  E-691,  a  continu- 
ation of  tagged-photon  photoproduction,  will 
utilize  a  transverse  energy  trigger  which  ought 
to  enhance  the  charm  signal.  Silicon  strip  ver- 
tex detection  has  been  added  as  we'l.  Experi- 
ment 6S3  will  use  protons  incident  on  an 
emulsion-plu>-sil>con-str>p  target  followed  by  a 
multiparticle  spectrometer  of  high  resolution. 
With  use  of  the  downstream  spectrometer,  ver- 
tices in  the  emulsion  may  he  located  with  suffi- 
cient accuracy  to  allow  scanning  of  the  e\ent>  to 
be  done  in  a  reasonable  length  of  time.  Both 
these  experiments  promise  to  >teld  between  100 
and  1000  reconstructed  charms  per  "eas>** 
i*\rhi»i\e  channel. 

In  addition,  the  "little  European  bubble 
dumber*  LEBC  has  moved  to  Fermilab  and 
vk ill  take  data  this.  >ear  (E-713)  in  conjunction 


with  the  Fermilab  multiparticle  spectrometer. 
This  experiment  should  yield  quite  unbiased 
cross-section  measurements  of  charm  produc- 
tion in  hydrogen.  In  addition,  two  high- 
resolution  bubble  chambers  (E-632,  E-745)  will 
take  data  this  run  in  the  neutrino  beam.  A  size- 
able charm  sample  should  be  seen. 

Further  down  the  line  is  E-690,  an  ambitious 
enterprise  which  will  utilize  a  sophisticated 
on-line  fast-trigger  processor.  Events  will  be  re- 
constructed on-line  by  the  processor,  and  a 
search  will  be  made  for  exclusive  channels. 
These  will  then  be  selected:  those  with  charm 
candidates  (t>r  other  options)  will  be  retained 
for  later  anal>sis.  A  smaller  version  of  this  ex- 
periment is  now  running  at  Brookhaven.  After 
the  processor  is  proven  there,  the  experiment 
will  be  moved  to  Fermilab,  probably  within  a 
year  or  »o. 

Finall),  a  second-generation  broad-band 
photon  heam  experiment  (E-687)  will  soon  be 
set  up.  The  spectrometer  used  in  this  experi- 
ment promises  to  be  as  powerful  as  any  at  Fer- 
milab. and  it  will  be  a  very  strong  facility  for 
charm  and  bottom  studies  in  the  future.  It  can 
operate  not  onl>  in  photon  beams  but  also  a 
\ariet>  of  hadron  beams. 
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rigure  IV  The  CI j!>ililii>-fnrE>i«l<K"it  deed)  D  — • 
nh*cr\ed  in  E-623.  dc*igncd  In  *earch  fnr7jc 


Beyond  the  Standard  Model 


In  general.  thcTevatrno  fixed-target  program 
imisl  be  *aid  to  be  programmatic.  That  i*,  it 
deal*  mainly  within  llir  «lamlard  model  with 
phenomena  tvliiili  nrnl  Id  l>e  better  under- 
stood jriil  parameter*  whit  ii  need  to  be  better 
measured.  But  therr  do  e\i*l  di>co\er>  oppor- 
tunities wlurli  g«>  beyond  llir  .*taudard  model. 
Onr  of  lhr*c  i«.  (he  I o upbuilding  problem  of 
*amc-*tgu  dilcpton  produi  hon  b)  neutrino*.  In 
*c\eral  experiment*,  it  ha*  hern  found  tlul  the 
proce** 

vN  —  p.  fi  \ 
ort  nr*  Jt  j  ralr  too  high  to  br  ea*d\  explained 
b\  rouvriilioiia)  *o»ri  r*  of  background.  \  new 
riira*iirruiciit.  Hung  llir  Ktrnitlab  tVft  hubhlr 
dumber  |K-^J|  ha*  lireii  nude  of  llir  \er> 
i  fo*rl\  rrlatrd  proi  ri.  v\  —  it  e  V  Tin*  p-oc- 
c**  i*  not  -.ern  jI  the  lr\el  of  observation 


claimed  for  same-sign  dimuon  production. 
Tin;*  may  indicate  either  that  the  same-sign  di- 
muon effect  i>  spurious  or  that  the  effect  is  real, 
Lot  violate*  the  fie  universality.  This  latter 
Ii)  p<>»heM>  need  not  be  considered  too  radical  if 
indeed  Mimething  crazy  is  the  source  of  the 
phenomenon.  Because  the  purported  ft' ft  sig- 
nal appear*  to  increase  with  energy,  the  for- 
thcoming neutrino  running  with  800-CeV  pri- 
mary protons  should  have  much  higher  sen- 
*ili\il)  to  tin*  process. 

Xiiother  portability  of  discovery  physics  has 
hern  stimulated  by  the  observation  of  the  £  at 
DEM  b>  the  Crystal  Ball  collaboration.  I  am 
not  full)  convinced  that  the  phenomenon  has 
gout*  awa\.  de*pite  the  negative  second-round 
,e*ull*.  because  to  in>  knowledge  the 
li\pothe*i*  of  T)e  ami  Ro*enzweig  ha*  not  been 
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fully  refuted.  To  me,  their  model  is  the  most 
reasonable  explanation  of  the  original  results. 
To  refute  it  requires  precise  knowledge  of 
operating  conditions  of  the  machine  in  both  the 
original  run  and  in  subsequent  running.  (Ide- 
ally* one  would  wa  nt  to  run  some  fraction  of  the 
time  at  one  sigma  or  so  off  the  resonant  peak  of 
the  y  on  each  side  in  order  to  be  sure  that  the 
Tye  mechanism  is  inoperable.)  The  relevance 
of  this  phenomenon  to  the  Fermilob  fixed- 
target  program  has  to  do  with  £-605,  already 
mentioned  in  connection  with  high-pT  dihad- 
ron  production.  This  is  the  follow-up  experi- 
ment to  the  one  which  discovered  they  particle. 
In  the  next  running  period,  the  emphasis  will 
be  on  high  intensity,  with  observation  of  di- 
muons  with  high  mass  resolution  (20  MeV?). 
This  resolution*  will  be  sufficient  to  resolve 
cleanly  the  various  upsilon  excited  states.  If 
there  is  an>  £-like  entity,  there  it  a  good  chance 
of  seejng  it.  If  Tye  and  Rosenzweig  are  right, 
one  might  see  a  first  excited  state  at  somewhere 
around  9  GeV. 

Yet  another  fixed-target  experimental  pro- 
gram which  contains  discovery  potential  is  the 


set  of  beam-dump  experiments  (£-635,  £-636, 
and  £-646).  The  bread-and-butter  part  of  that 
program  is  direct  observation  of  the  tau  neut- 
rino and  study  of  its  properties.  But,  beam 
dumps  also  provide  good  opportunities  to 
search  for  axiom,  neutral  leptons,  and  the 
long-lived  neutral  penetrating  particles  of 
supersymmetric  theories.  The  monojet  events 
from  UA1  provide  new  stimulus  forthese  kinds 
of  searches,  because  a  reasonable  hypothesis 
for  explaining  the  monojets  is  decay  of  the  Z 
into  a  new  neutral  long-lived  penetrating  parti- 
cle plus  the  jet. 

However,  the  beam  dump  program  at  Fer- 
milab  is  in  trouble.  Although  there  are  three 
approved  experiments  and  a  satisfactory  dump 
design  (Fig.  16),  the  facility  is  expensive.  Be- 
cause of  funding  shortfalls  at  Fermilab,  it  has 
been  decided  to  defer  beam-dump  construc- 
tion in  order  not  to  disrupt  too  much  of  the 
remaining  program.  In  order  to  minimize  the 
delay,  the  Laboratory  and  DOE  have  submitted 
a  line-item  construction  request  for  the  FY87 
high-energy  physics  budget  to  fund  this  facility. 
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Figure  16.  Dc^gn  for  the  Fermilab  Direct  Neutral  Upton  Facility. 
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The  TeV  II  Problem 


The  status  of  the  beam  dump  is  one  example 
of  a  general  problem  (Fig.  17)  which  the  TeV  11 
program  faces.  As  1  see  it,  this  problem  has  a 
three-fold  source.  The  first  source  is  wr  oer- 
ceptions  of  delays,  insufficient  Laboratory 
support,  insufficient  agency  support,  competi- 
tion with  TeV  I,  as  well  as  possibly  greater  secu- 
rity for  the  future  of  a  group  within  a  large 
colliding  beam  facility.  There  may  also  be  a 
physics  issue:  being  behind  the  high-energy 
frontier,  where  the  physics  is  likely  to  be  more 
programmatic  and  have  less  headline-making 
potential.  The  source  of  the  delays  a>  sec n  by 
the  Laboratory  is  that  there  is  simply  not 
enough  money  to  do  the  job.  And  it  does  not 
help  if  the  Laboratory,  when  viewing  the  user 
community,  sees  a  flagging  of  interest  or  ldck  of 
stamina.  The  third  source  of  the  problem 
comes  from  the  national  scene,  where  funding 
agencies,  HEPAP,  and  other  nationally -based 
advisory  groups  may  see  too  many  competing 
demands  tor  funds,  given  all  the  collider  in- 
itiatives here  and  abroad,  as  well  as  under- 
ground experiments,  and  R&D  for  the  SSC. 
TeV  11  looks  like  just  one  more  program  com- 
peting with  all  the  others,  despite  its  diversity 
and  breadth.  5>ince  it  is  a  broadly-based  pro- 
gram with  man)  component*,  it  also  is  a  primr 
candidate  for  cuts.  Anyone  looking  at  the  pro- 
gram will  have  Ins  or  her  favorite  experiment 
and  his  or  her  turkey.  (The  problem  is  that  a 
dozen  people  in  a  room  will  find  no  agreement 


whatsoever  on  which  experiment  is  the  turkey.) 
Thus,  everyone  will  agree  that  something  cs>r.  be 
cut  out  of  the  program  without  anybody  notic- 
ing, but  no  one  can  agree  on  how  to  do  it  without 
severe  damage,  with  everyone  noticing. 

The  TeV  II  Problem 


User  Perception 


Figure  17.  Three-way  mcious  circle  underlying 
existing  problems  with  the  fixed-target  pro- 
gram. 


Longer  Range  Opportunities 


Such  premitotic  word*  about  the  fixed-target 
program  xhould  not  be  taken  to  indicate  that,  in 
fact,  the  phytic  »  t»  dryi  ng  out.  As  we  ha\  r  »cen, 
there  i*  ver>  much  to  be  done.  The  ph)MC*  is 
exlrenirl)  jcood  and  the  opportunities  are  of 
high  quaht).  In  the  realm  of  big  tmtiativ  r»,  one 
of  m>  favorite*  i»  a  next-generation  round  of 
hea\>-quark  pli\MC».  Tin*  may  require  a  new 
spectrometer  fariht).  onr  which  can  go  an 
orderof  jgmtude  hryond  what  i»  hoped  for  in 
the  upi  ing  riniN.  I  would  like  to  »rr  10'  to  i\V 
ilpt^ctril  i  harm*  per  <*a»>  <  'lannel  a*  thr  goal. 
There  I*  a  question  of  how  U*  proceed  w  till  siieh 
a  larKe  initiative  —  or  whether  one  »hoilld  pro- 
(  rr,\  One  npiioii  it  to  relv  tin  rxMnig  iiiiluhve^ 
in  the  program  or  new  initiative* of  <  omp.irahlc 


scale.  The  argument*  in  favor  of  this  are,  first, 
that  it  would  exploit  optimally  the  expertise  of 
existing  teams  and  provide  continuity  with  the 
programs  now  going  on.  Second,  thr  physics 
with  several  groups  would  come  out  in  parallel, 
with  competition  providing  additional 
Ntimulus.  And  one  might  not  need  escalation  in 
group  size  orapparatu>  to  do  the  job.  One  could 
aUo  cite  examples  of  very  big  comprehensive 
Npectronicters  which  haven't  done  as  well  as 
more  mode*!  apparatus  with  greater  specificity. 

On  the  other  hand,  the  physics  may  simply 
rrqiiire.  ju<>t  a>  it  ha*,  in  colliding  beams*  con- 
< filtrating  ikiitit  of  the  effort  into  a  very  big 
<  entrained  faciht)  wlm  h  might  approach  col- 
lider detector*  in  »ize  and  trope.  It  may  he 
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arguable  that  existing  groups  doing  charm  and 
bottom  physics  are  too  small,  and  that  the 
spectrometers  vhich  are  being  built,  or  exist 
now,  are  simply  not  powerful  enough  to  do  this 
kind  of  physics.  Certainly  a  necessary  condi- 
tion for  physics  at  this  levrl  is  that  a  variety  of 
incident  beams  should  be  available,  not  only 
protons  but  also  neutrons,  mesons,  hyperons, 
and  photons  as  well.  One  will  need  to  make 
comparisons,  as  well  as  produce  a  variety  of 
different  kinds  of  hadrons  containing  heavy 
quarks.  Another  argument  for  a  very  big  facility 
i*  its  visibility;  it  is  easier  for  the  national  com- 
munity to  notice  and  thus  support.  Finally, 
another  reason  for  a  large  charm-bottom  spec- 
tiometer  may  have  to  do  with  theSSC.  If  $200  to 
$500  million  will  be  spent  on  detectors  for  the 
SSC,  there  should  be  a  considerable  amount  of 
R&D  devoted  to  that  enterprise.  This  R&D 
must  go  beyond  paper  designs  and  construction 
of  small  modules  which  are  put  i  nto  test  beams. 
Systems  which  are  large  enough  to  capture  an 
entire  hadron  jet  of  several  hundred  GeV  (a 
bread-and-butter  phenomenon  for  the  SSC) 
should  be  tested.  Secondary  beams  at  Fermilab 
are  certainly  a  very  good  source  of  juch  jets. 
Certainly  Fermilab  should  pro  ride  facilities 
for  this  kind  of  R&D.  But,  just  like  all  R&D 
efforts,  if  there  is  physics  that  can  be  attached  to 
*.he  instrumental  development,  the  whole  effort 
will  be  better  focused,  gain  more  momentum, 
and  in  general  have  greater  productivity. 
Therefore,  it  seems  reasonable  that  Fermilab, 
while  welcoming  detector  R&D  done  in  its  sec- 
ondary beams,  will  welcome  even  more  those 
initiatives  which  have  a  strong  physics  motiva- 


tion as  well.  Therefore,  it  may  make  sense  to 
integrate  SSC  detector  R&D  into  a  large  heavy- 
quark  spectrometer  program. 

At  the  opposite  extreme,  there  are  oppor- 
tunities for  small  initiatives  within  the  fixed- 
target  program.  Examples  now  discussvJ  or 
presently  pursued  include  a  program  on  crystal 
channeling  which  may  even  have  applications 
to  accelerator  physics  (including  SSC)  in  pro- 
viding small  septum  magnets,  measurement  of 
the  magnetic  moment  of  O',  quark  searches, 
searches  for  rare  decays  such  as  H°  — »  pir\ 
searches  for  a  noma  Ions,  and  soft  muon  physics. 
These  have  obvious  sociological  importance  in 
this  age  of  giant  collaborations.  But  they  must 
stand  on  their  own  in  terms  of  physics  quality.  I 
think  most  do. 

There  exist  more  exotic  possibilities  in 
fixed-target  physics,  such  as  colliding  stored 
antiprotonson  gas  targets  to  resonantly  produce 
^  and  x  states,  such  as  done  at  the  CERN  ISR. 
Storing  muons  and  pions  in  order  to  make  low- 
energy  neurino  beams  has  also  been  discussed 
from  time  to  time.  The  desirability  of  doing  this 
depends  somewhat  on  the  future  of  neutrino- 
mass  measurements.  Certainly,  if  neutrino 
masses  and  mixings  are  convincingly  found  to 
be  non-vanishing  there  may  well  be  a  renais- 
sance of  interest  in  this  kind  of  physics  at  Fer- 
milab. 

In  any  case,  the  bottom  line  on  the  future  of 
fixed-target  physics  is  one  of  commitment. 
Much  very  good  physics  is  there  to  be  done.  The 
necessary  condition  is  that  there  be  enough 
people  who  are  willing  to  do  the  hard  work  to 
get  it  out. 
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IV.  Fermilab's  Advanced  Computer  Program 
Introduction 


By  its  very  nature,  experimental  basic  re- 
search has  always  pressed  hard  against  the 
existing  limits  of  technology,  expanding  those 
limits  when  necessary  and  possible.  Nature 
does  not  release  its  secrets  easily.  The  challenge 
of  exciting  new  experimental  possibliries  fre- 
quently lures  physicists  into  technological  de- 
velopment areas,  A  familiar  example,  Fer- 
milab*s  leadership  in  superconducting 
technology  has  been  motivated  by  a  need  for 
improved  accelerators  to  allow  experiments  at 
higher  energy.  Since  the  1930s,  electronics  and 
computing  have,  along  with  accelerators,  been 
the  focus  of  recurring  interest  in  the  high- 
energy  physics  community.  Among  the  first  to 
build  and  use  electronic  logic  gates  (ORs  and 
coincidence  circuit)  were  high-energy  ex- 
perimentalists for  their  detectors.  These  gates 
later  became  the  fundamental  building  blocks 
of  all  digital  electronics  and  computers. 

In  the  early  sixties,  high-energy  physics  made 
important  early  contributions  to  computer 
hardware,  especially  on-line  processing.  It  was 
also  the  first  field  to  exploit  the  very  high  speed 
ECL  (Emitter  Coupled  Logic)  circuit  technol- 
ogy. From  that  period  until  recently,  commer- 
cial computing  hardware  and  system  software 
proved  adequate  for  most  of  high-energy 
physics  needs  and  were  not  a  major  impedi- 
ment to  progress.  No  longer  is  this  true.  Com- 
puting limitations  now  have  sc  /ere  impact  in  a 
number  of  important  areas,  affecting  the  prog- 
ress of  experimental  and  theoretical  efforts  as 
well  as  new  accelerator  design. 

The  biggest  demand  on  Fermilab  computing 
is  for  what  is  called  experiment  event  recon- 
struction. Physicists  study  the  interactions  of 
fundamental  particles  by  producing  millions  of 
individual  collisions  between  them,  and 
studying  how  other  particles,  the  debris,  fly  off 
into  their  detectors.  Sophisticated  as  they  are, 
the  experimental  detectors  provide  only  the 
sparest  information  about  where  and  when 
these  secondary  particles  passed.  To  analyze  the 
phy^c*,  the  physicist  needs  to  know  the  type  of 
each  particle  and  the  momentum  and  angle 
with  which  it  emerged  from  the  interaction. 

Reconstructing  the*e  parameters  for  each  of 
dozen*  of  partielo,  for  each  of  million-  of  col- 
li-.ion  event*,  from  the  bit*  of  detector  infor- 


mation recorded  during  the  experiment,  re- 
quires a  monumental  scale  of  computation. 
Large  experiments  already  measure  the  amount 
of  time  they  use  on  Fermilab's  large  main  frame 
computers  in  years.  As  the  energy  of  ac- 
celerators increase,  so  do  the  number  of  sec- 
ondary particles  and  of  interaction  "vents  to  be 
studied.  But  interesting  physics  events  tend  to 
be  rarer. 


Bigger  haystack,  smaller  needle:  we  need  ad- 
vanced computer  ideas.  In  1982  Fermilab 
formed  the  Advanced  Computer  Program  to 
confront  computing  problems  at  the  R&D 
level.  This  group  is  known  by  its  initials  (ACP). 
It  now  has  a  dozen  technical  people  with 
backgrounds  in  experimental  and  theoretical 
physics  as  well  as  electronic  and  computer  en- 
gineering. In  its  work  the  ACP  interacts  strongly 
with  industry  and  university  computer  science 
efforts,  mingling  ideas  and  technology  from 
outside  of  high-energy  physics  with  its  own. 

For  experiments,  the  ACP  goal  is  simple:  re- 
move the  mechanics  of  computing  from  con- 
tributing significantly  to  the  "turn-around 
time**  between  the  idea  for  an  experiment  and 
the  pltyHCS  conclusions  derived  from  the  ex- 
periment. Similar  motivation*  apply  in  the 
theoretical  and  accelerator  area?*.  Presently,  a 
major  part  of  this  turn-around  time  i*  spent  by 
computers  carrying  out  the  trillion*  of 
elementary  calculation*  required  for  various 
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asperts  of  Uie  research.  The  AC  P  has  focused  its 
effort*  on  developing  ways  to  carryout  this 
"number  crunching**  that  are  far  more  cost  ef- 
fective than  those  available  commercially. 
Studio  by  ACP  people  have  concluded  that  we 
can  now  attack  this  problem  effectively  by 
creating  new  computer  architectures  built  out 


of  large  numbers  of  the  very  powerful  VLSI 
(Very  Large  Scale  Integration)  microprocessor 
circuits  being  produced  by  industry.  In  the 
following,  we  will  explain  now  this  U  possible 
and  how  the  ACP  group  will  build  a  supercom- 
puter for  high-energy  physics  at  Fermilab. 


A  High-Energy  Physics  Supercomputer 


**A  supercomputer  is  a  system  that  is  only  one 
generation  behind  the  computing  requirements 
of  leading  edge  efforts  in  science  and  en- 
gineering.** (The  quotation  is  from  Neil  Lin- 
coln, designer  of  the  CDC  Cyber  205  Super 
Computer.)  By  this  definition,  the  ACP  Mul- 
tiprocessor system  to  be  built  by  the  end  of 
1985,  is  more  than  a  supercomputer.  The  con- 
cepts for  this  system  were  developed  during 
1984.  Circuit  design  is  now  underway.  The  de- 
sign is  based  on  a  careful  evaluation  of  the 
criteria  by  which  the  value  of  such  a  system  to 
high-energy  physics  should  be  judged,  as  well  as 
what  is  required  to  gain  acceptance  from  the 
physicists  who  need  to  use  it. 

As  important  as  the  problems  are,  there  are 
still  obvious  limits  to  the  amount  of  money  that 
can  be  spent  to  solve  them.  It  is  clear  that  a  very 
important  factor  U  cost  effectiveness:  the  rate  at 
which  computing  for  a  problem  can  be  carried 
out,  divided  by  the  cost  of  the  computer.  Digital 
Equipment  Corporations  (DEC)  Vax  1 1/780  is  a 
super-mini  computerthat  is  very  popular  in  the 
scientific  community  and  is  a  good  standard  for 
comparison  of  cost  effectiveness.  One  can  buy 
about  4  Vaxes  per  $M  (million  dollars). 

Cost  effectiveness  is  not  the  sole  criterion.  It 
is  potable  to  obtain  extraordinary  cost  effec- 
tiveness* approaching  a  million  Vaxes/M$, 
using  special  purpose  hardware  aimed  at  ex- 
tremely well-defined  problems.  Examples  may 
be  found  in  high-energy  physics  experiment 
trigger  hardware  (tlut  decides  which  interac- 
tions detected  by  an  experiment  should  be  re- 
corded on  tape)  and  military  signal  processors. 
Such  s>!>temsare  very  inflexible  and  difficult  to 
program.  Getting  them  working  makes  strong 
demand*  on  technical  people's  time. 

The>e  problem*  ptiint  to  the  two  other  re- 
quirements, beyond  rust  effectiveness,  that  the 
ACP  makes  of  its  systems.  The  first  is  ease  of  use 
and  programm  ability.  In  one  phrase,  this  is 
what  ha*  come  to  be  known  as  "user  friendli- 
ness*.*" The  second  i»ea»y  siftem  set-up  by  non- 


experts. This  requirement  encourages  a  mod- 
ular system  with  units,  such  as  circuit  board 
subsystems,  built  and  tested  to  industry  stan- 
dards. These  modules  may  be  based  on  Fer- 
milab or  commercial  designs,  and  should  be 
routinely  available  from  commercial  vendors 
or  fabrication  houses. 

It  is  easy  to  sympathize  with  scientists  who 
resist  new  programming  languages  and  compli- 
cated computer  mum  bo-jumbo.  Learning  a 
whole  new  language  or  a  complicated  set  of 
procedures  would  be,  clearly,  an  "unfriendly** 
requirement.  Among  high-energy  physicists, 
Fortran  is  the  nearly  universal  programming 
language.  Although  there  are  several  more 
modem  languages  with  strong  proponents  in 
the  computerscience  world,  asking  high-energy 
physicists  to  leave  Fortran  would  be  much  like 
asking  Frenchmen  to  speak  Esperanto.  In  fact, 
the  analogy  is  appropriate  since  Fortran  is  a 
"living**  computer  language  continuously  being 
updated  with  syntax  and  concepts  deriving 
from  computer  science  work  in  languages.  At 
the  research  stage,  befoie  the  language  has  had 
time  to  adapt,  new  functional  tools  can  be  made 
available  in  the  form  of  subroutines.  Sub- 
routines are  previously  prepared  sequences  of 
instructions  that  are  convenient  for  users  of  a 
new  computer  to  invoke  from  their  programs. 

An  important  component  ofuser  friendliness 
is  what  is  called  the  operating  system.  The 
operating  system  manages  the  user*s  files  of 
programs  and  data,  runs  comput'jg  operations 
on  request,  provides  tools  to  help  find  errors  in 
programs,  supports  text  editors,  and,  if  user 
friendly,  generally  assists  the  user  in  response 
to  only  a  minimum  of  simple  commands.  The 
Vax  VMS  operating  system  has  become  very 
popular  among  high-energy  physicists.  Other, 
♦nore  portable  systems  (AT&Ts  Unix\  in  par- 
ticular) may  in  time  take  hold.  Until  then,  VMS 
will  be  the  system  environment,  and  Fortran 
the  language  in  which  physicists  using  the  ACP*s 
computers  will  work. 
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Computer  Architectures  for  High-Energy  Physics 


The  T.ost  cost  effective  commercially  avail- 
able  computing  engines  are  the  VLSI  micro- 
processors. A  single  board  computer  based  on 
one  of  the  newly  f  merging  32  bit  super  micros 
Jsuch  as  Motorola**  68020,  AT&T*  32100,  and 
DEC's  micro  Vax  chip)  will  run  large  Fortran 
programs  at  speeds  approaching  those  of  a  Vax. 
Critically  important  to  using  these  tiny  com- 
puters are  the  programs,  called  compilers,  that 
translate  the  scientists*  programming  language, 
Fortran,  to  the  machine  instructions  that  con- 
trol the  microprocessors.  Much  inefficiency  is 
possible  in  this  translation.  A  particularly  good 
compiler  for  the  68020  is  now  available  from 
Absoft,  a  small  company  in  Royal  Oak,  Michi- 
gan. The  ACP  has  already  measured  physics 
programs  to  run  at  upwards  of  1/2  Vax  speed 
with  it. 


chitectures.  These  involve  little  or  no  com- 
munication between  the  processors.  Yet,  such 
systems  will  greatly  increase  the  computing 
capacity  available  for  this  research.  In  fact, 
very  much  can  be  learned  about  the  general 
problem  of  parallel  processing  from  conceptu- 
ally simple  multiprocessors.  In  time,  the 
simplest  architectures  can  be  built  up  to  more 
complex  and  general  systems. 


Such  a  -ingle  board  computer  can  be  built  for 
about  $2500,  implying  a  cost  effectiveness  of  at 
le a>  200  Vaxes/MS,  Further  improvements  are 
expected  by  1986  in  compiler  and  hardware 
technology.  Clearly,  to  bring  revolutionary 
amounts  of  computing  at  this  cost  effectiveness 
to  a  computing  problem,  one  must  get  all  the 
little  enrines  to  work  together,  in  parallel,  on 
the  problem. 

The  general  problem  of  parallel  computing  is 
a  very  difficult  one.  Much  computer  science 
effort  is  directed  at  optimizing  parallel  com- 
putation for  a  generalized  mix  of  computer 
programs.  This  involves  development  of 
mechanisms  for  communicating  between  and 
synchronizing  the  activities  going  on  in  the  dif- 
ferent little  engines.  Further  complications 
result  from  allowing  access  by  each  processor 
into  the  memory  of  the  others  and  in  the  man- 
agement of  the  processors  and  their  allocation 
to  different  parts  of  the  problem. 

Driven  by  pleasantly  easy  structures  in  high- 
energy  physics  computing  problems,  the  ACP  is 
able  to  use  the  simplest  multiprocessor  ar- 


Why  can  the  ACP  avoid  the  complexities 
confronting  so  much  other  parallel  computer 
research?  The  secret  of  how  to  apply  a  simple 
parallel  computer  to  the  experimentalist's  nee- 
dle and  haystack  problem  is  the  haystack  itself. 
It  is  made  of  millions  of  individual  events.  The 
reconstruction  of  what  happened  in  each  can 
be  carried  out  with  no  regard  for  what  went  on 
in  any  of  the  others.  Only  when  the  reconstruc- 
tion of  all  events  is  complete  do  the  analyzing 
physicists  want  to  look  at  them  all  together  for 
statistical  studies.  The  problem  has  designed 
the  computer  architecture  for  us;  each  of  our 
many  little  computing  engines  works,  by  itself. 
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on  one  event  at  a  time,  never  needing  to  com- 
municate with  the  others  which  are  working 
simultaneously  on  different  events.  Raw  de- 
tector data  is  passed  to  each  processor  us  it  be- 
comes* ready.  When  the  procesor  has  completed 
working  on  the  event,  the  reconstructed  p!  >«ics 
parameters  are  stored  for  the  later  analyst*. 

Oofo  from  host(tvtnt  uy  tvtnt) 


I  Event    I  Event 


Event  (Event 


Processors  I  Output 

Now.  you  might  think,  this  is  a  specially  sim- 
ple architecture.  How  can  it  work  for  any  other 
problem?  Physicists  are  very  excited  about  t!ie 
studie>  gcingon  for  the  Superconducting  Super 
Collider  (SSC)  which  will  require  accelerator 
ring*  about  100  miles  around.  Projected  costs  of 
several  billion  dollars  clearly  motivate  an  in- 
tense e  computer  simulation  of  accelerator  de- 
sign possibilities.  The  simulation  calculates 
step  b>  step  how  individual  particles  would  pass 
through  magnet  after  magnet,  revolution  after 
revolution  for  thousands  of  turns  around  the 
imagined  ring.  Many  individual  particles, 
Parting  out  with  small  differences,  are  fol- 
lowed. The  calculation  of  each  track  is  essen- 
tially independent  of  the  others.  We  can  treat 
each  particle  like  an  experiment  interaction 
and  put  it  into  its  own  processor.  The  proc- 
essor*, once  again,  need  communicate  little  or 
nothing  with  each  other. 


Both  of  thej*e  important  Fermilab  problems 
are,  we  now  see,  of  an  **event-oriented"  nature. 
They  are  perfectly  matched  to  our  simple 
parallel  architecture*  We  are  learning  that  out- 
side our  world,  there  arc  many  important 
problems  of  an  event-orir.-«ted  nature*  Some  of 
these  are  surprising  at  first  glance:  process 
simulation,  robotics,  animation,  and  finite 
element  analysis.  Of  course,  we  cannot  getaway 
with  applying  our  event-oriented  architecture 
to  every  computing  problem.  Some,  like 
weather  forecasting  and  molecular  dynamics, 
require  heavy  communication  between  all 
processors.  Many  others  in  mathematical 
physics  require  only  nearest  neighbors  talk  to 
each  other.  An  example  is  the  key  theoretical 
problem  of  particle  physics. 

Theorists  have  developed  a  numerical  cal- 
culational  technique,  called  Lattice  Gauge 
Theory,  to  make  approximate  predictions  that 
test  the  theory  of  strong  interactions.  They 
simulate  the  world,  at  the  elementary  particle 
level,  on  a  lattice  of  points  in  space  and  time 
and  calculate  the  interaction  of  quarks  as  if 
they  lived  on  that  lattice.  These  calculations  are 
of  the  highest  importance.  To  do  them  with 
reasonable  accuracy,  they  require  orders  of 
magnitude  more  computing  than  presently 
avadable.  A  grid  of  processors  each  speaking  to 
only  a  limited  group  of  neighbors  matches  this 
problem  in  an  obvious  way.  The  individual 
processors  are  just  like  those  the  ACP  is  de- 
signing for  event-oriented  problems.  In  the 
future,  the  ACP  may  configure  systems  as  grids. 
However,  with  work  on  grids  in  progress  at  Cal 
Tech  and  Columbia,  the  group  is  presently  not 
emphasizing  them. 


Software 


Scientists,  like  other  computer  users,  are  ac- 
customed to  preparing  programmed  instruc- 
tion^ for  traditional  machines  that  compute  by 
carrying  out  arithmetic  or  logic  operation  ser- 
ially, one  after  another.  The  present  generation 
of  commercial  supercomputers,  like  the  Cray  1 
and  Cyber  205,  are  called  vector  processors. 
The>  are  capable  of  carrying  nut  thesame  oper- 
ation, on  one  command,  for  each  of  the  set  of 
number*  that  make  up  what  is  called  a  vector. 
In  order  to  take  full  advantage  of  this  capability 
for  a  scientific  problem  one  needs  to  identify, 
throughout  the  problem,  group*  of  calculation* 
that  can  he  ganged  together  in  the  vector  proc- 


essor. Automatic  tools  that  "vectorize**  a  prob- 
lem have  not  proven  very  effective.  Doing  this 
job  by  hand  is  difficult  and  time  consuming. 
Rarely  have  scientific  problems  used  more  than 
10**  on  average  of  a  vector  computer**  capacity. 
This  experience  shows  how  critically  important 
it  is  to  have  software  support  that  make*  it  pos»- 
sihle  to  take  full  advantage  of  new  l  ardware. 

Truly  parallel  machine.*,  where  different  op- 
eration* may  he  carried  out  simultaneously  on 
groups  of  number*,  are  expected  to  he  ies*  con- 
*tiaining.  Event-oriented  problems  f'.ke  <**- 
per1  jient  reconstruction  should  he  particularly 
ca*>  to  adapt  to  the  simple  paralleli*m  of  the 
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\CV  multiprocessor  architecture,  which  is  de- 
igned for  them.  During  I9&4.  (he  ACP  built  a 
-null  M\  unit  lestbed  multipmco>or  and  de- 
veloped an  extensive  rej>ertoire  of  software  to 
«  Jse  of  large  multiprocessors  by  ex- 
perimentalist!.. Several  Ferniilab  experimental 
groups  tested  this  software  over  the  summer 
months.  They  found  it  pleasantly  easy  and 
(juick  to  convert  their  traditionally  serial  pro- 
pram*,  to  multiprocessor  operation. 

A  program  that  is  to  run  on  the  ACP  multi- 
processor i>  separated  into  two  major  pieces. 
The  first  run-  on  a  single  processor,  called  the 
host.  It  contains  all  instruction*  that  control 
bringing  in  raw  data  from,  and  sending  proc- 
essed result*  to.  outside  Mo  rage  devices.  i,uch  as 
magnetic  tape.  The  real  number  crunching  is 
carried  on  in  the  second  piece  of  the  program. 
Tin*  is  duplicated  many  times  over  to  control 
the  activities  of  each  of  the  many  little  micro- 
processors that  together  do  the  heavy  work.  The 
h«M  computer  is  instructed  to  send  the  raw  data 
corresponding  to  one  physic*  interaction  event 
"down"*  to  a  processor  by  a  simple  request  to 
Mart  a  sequence  of  instructions,  a  subroutine, 
previously  prepared  by  the  ACP. 

The  name  of  this  subroutine  is  obvious, 
SKND EVENT.  There  is  a  similarly  obvious 
name.  (iETEVENT.  for  the  subroutine  that  re- 
trieves proce**ed  results  from  a  finished  mi» 
rroproresHir.  What  i*  not  obvious  is  the  "re- 
-ource  management"  problem  of  keeping  track 
of  which  of  over  a  hundred  processors  is  ready 


for  data,  ready  for  retrieval,  or  requires  some 
other  action.  These  matters  arc  handled  auto- 
matically by  ACP  subroutines.  The  scientist 
using  the  system  does  not  have  to  bother  with 
them.  He  or  she  is  required  only  to  determine 
how  to  split  the  program  into  the  host  part  and 
the  microprocessor  part  and  to  identify  appro- 
priate places  to  insert  the  SENDEVENT  and 
GETEVENT  commands  that  communicate 
data  between  (he  host  computer  and  the  little 
n .  mber  cruncher.  This  is  an  easy  task  since  all 
large  reconstruction  programs  have  separate 
input-output  and  number-crunching  sections. 

The  host  computer  also  takes  care  of  tasks 
needed  to  start  up  and  complete  a  reconstruc- 
tion program's  operation.  At  the  beginning, 
many  numbers  that  describe  where  the  detec- 
tors are  located,  and  otherwise  give  meaning  to 
the  raw  readings,  must  be  prepared.  These 
numbers  are  then  broadcast  to  all  the  proc- 
essors, where  they  will  be  used  to  reconstruct 
the  event,  with  the  command  BROADCAST.  At 
the  end,  statistical  summaries  and  graphs  are 
normally  prepared  so  that  physicists  can  de- 
termine that  the  operation  proceeded  nor- 
mally. These  summaries  are  based  on  subtotals 
stored  in  the  many  individual  processors.  The 
subtotals  are  gathered  and  summed  together  on 
command  to  the  ACP  software.  There  is  also 
help  when  problems  occur.  Hardware  and 
software  errors  are  identified  and  tools  pro- 
vided to  track  down  program  mistakes. 


Hardware 


The  test*  of  the  ACP  software  demonstrated 
that  it  will  he  eas>  o  apply  a  simple  multi-mi- 
croproressor  to  I  <di«cnergy  experiment  com- 
puting. The  er  iiusiasm  of  computer-starved 
evperimentalir  s  has  put  a  high  priority  on  a 
project  lo  b  ltd  a  full-scale,  high-performance 
*>Mem  Kiore  the  end  of  1985.  It  will  consist  of 
128  processors.  Of  these.  64  will  be  based  on 
Motorola's  68020.  and  the  remainder  depend- 
ing on  availability,  on  AT&T's  or  DEC's  32-bit 
microprocessors.  U»ing  more  than  one  proc- 
essor ivpe  is  part  of  the  \CP\  philosophy  of 
keeping  its s> Mem  receptive  to  the  best  industry 
ha*  to  offer  in  performance  and  in  price. 

Experience  v'*h  this  first  system,  running 
real  experiinc*  irolilenis.  will  allov  ACP 
peoplr  to  improve  software  and  hardware.  If,  as 
expected,  all  goes  well,  other  large  systems,  of 


up  to  255  processors  each*  will  be  built  quickly 
to  meet  the  needs  of  Fermilab's  Computer  De- 
partment a  nd  the  Collider  Detector  at  Fermilab 
(CDF).  Many  outside  groups,  at  American  and 
Western  European  universities  and  labora- 
tories, have  followed  ACP  activities  with  inter- 
est. To  make  duplicating  the  system  easy,  Fer- 
milab will  make  available  system  designs, 
software,  and  lists  of  commercial  sou  rce»  where 
modules  may  be  purchased. 

Even  though  the  architecture  U  simple,  put- 
ting together  this  large  a  multiprocessor  re- 
quires careful  design.  Up  to  20  processors  can 
be  assembled  in  a  box,  called  a  •'crate,**  using 
commercial  packaging  and  interconnection 
circuits.  For  larger  numbers  of  processors,  new 
schemes  are  required.  The  ACP  multiprocessor 
wili  be  buitt  as  a  tree  (which  is  usually  pictured 
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upside  down  in  diagrams).  The  leaves  art  the 
individual  processors  sitting  in  a  commercial 
crate.  The  crates  are  connected  in  groups  to  a 
Fermilab  designed  "branch  bus**  which  in  turn 
can  be  connected  as  needed  to  any  of  the  one  or 
more  roots  of  the  system.  Each  root  is  con* 
nected  to  a  source  of  data  from  the  outside 
world.  In  some  systems,  there  will  be  two  roots 
each  with  a  magnetic  tape  drive,  one  with  raw 


data  coming  in,  one  with  processed  data  going 
out.  Other  systems  will  process  data  as  quickly 
as  it  is  taken  in  the  real  time  of  an  experiment. 
There,  roots  will  be  connected  directly  to  the 
experiment's  data  acquisition  system  absorbing 
data  at  huge  rates.  Twenty  million  characters 
per  second  are  possible  in  each  of  several  roots* 
A  simple,  but  high  speed  switch  is  the  trunk  of 
the  system.  It  connects  8  roots  to  8  branches. 
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Each  root  U  controlled  by  a  small  commer- 
cial microcomputer  (DEC*  micro  VAX  II). 
These  speak  with  a  DEC  microVax  II  supermi- 
crocomputer  which  is  the  boss  of  the  system  as  a 
whole  and  is  called  the  production  host.  This 
computer  carries  out  the  host  part  of  the  ex* 
perimentalist's  program  and  has  the  popular 
VMS  operating  system  we  referred  to  earlier. 
One  experiment's  activity  at  a  time  goes  on  in 
the  production  host  and  multiprocessor,  which 
is  connected  to  Fermilab's  network  of  comput- 
ers. Also  on  this  network  is  a  "development 
host**  computer,  a  full  site  Vax  that  can  handle 
many  people  each  working  on  developing  new 
programs.  They  can  test  the  pro  crams  on  small 
ACP  systems  intended  for  this  purpoiv*  and 
connected  to  the  network.  The  development 


host  has  available  all  the  ACP  supplied  tools,  as 
well  as  the  usual  Vax  VMS  aids  to  development, 
that  help  prepare  for  a  multiprocessor  calcula- 
tion. 

The  first  system  will  be  built  in  1985  for 
under  $1/2  million  in  equipment  costs  and  will 
deliver  the  computing  power  of  at  least  60 
Vaxes.  Later  copies  wil  be  cheaper  and  more 
powerful.  The  ACP  schedule  is  "aggressive,**  to 
use  a  popular  computer  industry  word,  because 
it  depends  on  the  ability  of  industry  to  man* 
ufacture,  in  quantity,  32  bit  microprocessors. 
These  devices  are  certainly  among  the  most 
technologically  aggressive  creations  ever  con- 
templated. However,  delays,  if  they  occur,  will 
not  be  long,  and  are  part  of  the  ACP*s  mandate 
to  work  on  the  cutting  edge  of  technology. 


Future  Activities  and  Projects 


We  have  hinted  at  areas  where  further  ACP 
development  work  potentially  could  make  still 
more  dramatic  improvements  in  productivity. 
One  such  area  of  research  is  on  special-purpose 
devices.  We  said  these  are  h ard  to  program.  But 
suppose  that  ACP  experts  do  the  difficult  work 
as  they  have  done  for  multiprocessor  manage* 
ment  software.  Then  these  super  powerful 
techniques  could  be  mad«  available  to  physi- 
cists with  only  a  subroutine  command.  This 
concept,  which  we  call  "hardware  sub- 
routines,** appears  to  be  very  promising.  It  is 
particularly  easy  to  implement  when  one  can 
identify  time  consuming  little  calculations  that 
are  repeated  over  and  over  again.  This  appears 
to  be  possible  for  all  the  problems  that  irterest 
us.  Since  the  approach  can  be  so  fruitful 
ACP  group  will  focus  on  it  in  1986. 

Number  crunching  is  the  major  source  of 
long  delays  in  physics  turn-around  times. 
Another  leading  contribution  i»  simply  the  time 
necessary  to  plow  through  huge  amounts  of 
processed  data.  Reconstruction  of  an  experi- 


ment produces  tens  of  billions  of  words.  These 
are  used  by  physicists  to  make  graphs  and 
statistical  calculations  that  describe  what  went 
on  inthe  experiment.  Little  actual  computation 
is  required  for  this  analysis.  Yet,  each  time  a 
physicist  passes  through  this  enormous  amount 
of  data,  hundreds  (or  even  thousands)  of  tapes 
must  be  read,  and  often  several  day*  are  lost. 
Typically,  an  experiment  requires  many  such 
passes  as  physicists  try  out  new  ideas  and  de- 
velop an  understanding  of  the  data. 

New  data  base  technology  (similar  to  that 
used  for  TV  laser  disks)  is  appearing  on  the 
technological  horizon  that  will  make  it  possible 
to  improve  this  situation.  Using  the  new 
technology,  future  ACP  efforts  will  be  directed 
at  allowing  physicists  to  turn  around  their 
analysis  ideas  almost  as  fast  as  they  can  think  of 
them.  Fot  now  this  is  a  dream,  and  Fermilab's 
Advance*1  Computer  Program  if  'ully  occupied 
developing  its  exciting  new  supercomputer  for 
high-energy  physics. 
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V.  Progress  on  the  Fermilab  Collider  Detector 


The  south  end  wall  of  the  Collider  Detector  under  construction  as  the  north  end  wall  is  raised  into 
final  position.  - 
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VI,  Development  of  the  Energy  Saver  Operation. 
Introduction 


The  completion  of  (he  Energy  Saver  com* 
missioning,  described  in  detail  in  last  year's 
Annual  Report,  is  only  the  beginning  of  the 
Laboratory's  mission.  Only  when  protons  of 
appropriate  intensity  are  being  delivered  to  the 
targets  in  the  Meson,  Neutrino,  and  Proton 
Laboratories,  with  the  uniform  spill  the  various 
experiments  require  and  for  a  reasonable 
number  of  hours  per  week,  will  we  be  able  to 
consider  our  ta*k  successfully  completed. 

The  primary  objective  in  1984  was,  in  fact,  to 
establish  again  at  Fermi  lab  a  valid  high-energy 


physics  experimental  program,  first  at  400  GcV 
and  then  at  800  GeV.  Preparations  for  she 
startup  of  colliding  beams  in  1985  alt*  con- 
tinued. This  section  presents  the  accelerator 
story,  including  the  successes,  failures,  and 
activities  during  the  *84  summer  ami  fall  shut* 
down,  which  should  lead  to  substantial  im- 
provements in  1965  lor  the  fixed-target  program 
and  allow  proton-antiproton  collisions  in  the 
Tevatron  when  the  Antiproton  Source  com* 
missioning  is  complete. 


The  Tevatron 


This  new  accelerator  was  called  the  Energy 
Doubler  (because  it  gives  twice  the  proton 
energy  of  the  original  FermilabMain  Ring),  the 
Energy  Saver  (because  superconducting  mag- 
nets and  the  necessary  refrigeration  use  less 
energy  than  conventional  copper-iron  mag- 
nets), and  it  is  now  the  Tevatron  since  one- 
trillion  electron-volt  energies  *re  achieved.  The 
performance  specifications  given  for  the  Teva- 
tron before  its  construction  were  that  it  should 
provide  proton  beams  of  energy  800  GeV  to  1 
TeV  with  a  n  intensity  of  at  least  2  x  }0"  protons 


per  pulse.  The  cycle  time  was  to  be  30  to  60 
seconds,  with  a  flattop  of  at  least  10  seconds. 

In  the  first  full  year  of  operation,  most  of 
these  specifications  have  been  met.  The  Tevat- 
ron has  operated  regularly  at  800  GeV.  The  in- 
tensity is  greater  than  10"  protons  per  pulse  and 
is  not  limited  by  the  Tevatron,  but  by  ita  injec- 
tor. A  cycle  time  of  60  seconds  is  standard; 
shorter  times  can  be  achieved  when  more  rf  is 
available.  A  flattop  of  10  seconds  was  used 
during  the  first  running  period;  20  seconds  is 
now  standard. 


Chronology  of  the  Year 


We  have  had  a  successful  year  in  the  sense 
that  we  met  or  almost  met  all  performance 
specifications.  We  have  worked  hard  to  meet 
our  operating  schedules  and  here  our  success 
has  not  been  as  com  prehensive.  Let  us  step  back 
a  bit  from  the  official  start  of  the  year  1984  for  a 
running  start,  or  a  starting  run. 

High-energy  physics  experiments  at  400  GeV 
with  the  Tevatron  began  October  3,  1983.  By 
November  I,  beem  was  delivered  to  the  Meson 
Lab  and  experiments  began  taking  data.  A  little 
later,  on  November  21,  beam  was  delivered  to 
the  Neutrino  Lab  and  soon  seven  target  stations 
were  in  u»e,  a  solid  experimental  program. 

The  400-GeV  warmup  run  continued  until 
February  14,  when  the  accelerator  was  shut 
down  on  purpose.  The  main  purpose  of  the 
>hutdo*n  was  for  installation  of  new  equip- 
ment, but  before  that,  operation  at  800  GeV  was 


tried.  The  tests  were  successful,  accelerating 
beam  to  800  GeV  and  storing  it  at  that  energy. 

The  Tevatron  was  shut  down  until  March  17 
for  installation  of  the  low-beta  quadrupole 
system  at  B0.  The  purpose  of  this  system  is  to 
reduce  beam  sixe  and  therefore  to  increase 
beam  density  at  the  interaction  point  This  will 
increase  the  luminosity  of  proton-antiproton 
colliding  beams. 

The  obligatory  odious  ordeal  of  startup  began 
on  March  17,  and  the  beam  was  ready  for  the 
first  800-GeV  high-energy  physics  run  on  March 
25.  It  was,  however,  a  short  interlude,  because 
the  first  failure  of  a  Tevatron  magnet  occurred 
the  next  day. 

Replacing  a  superconducting  magnet  is  much 
more  lengthy  than  replacing  a  Main-Ring  mag- 
net because  a  portion  of  the  ring  (1/24,  corres- 
ponding to  one  satellite  refrigerator's  worth  of 


9:3 


899 


•70- 


magneU)  must  be  warmed  up  to  room  temper- 
ature, then  cooled  again  after  the  magnet  is 
replaced.  The  800-GeV  run  was  restarted  on 
April  1  and  %*ent  on  from  there. 

There  wan  an  interruption  of  high-energy 
phy»ic>  on  April  18  for  testing  of  the  low-beta 
quadrupole  »y*tem  at  location  BO.  The  tents 
were  very  successful;  it  was  possible  to  start  with 
the  low-beu  »y*tem  turned  off,  a»  will  always  be 
the  ca»e  during  acceleration.  Turning  the  sys- 
tem on  changes  the  operating  characteristics  of 
the  beam  already  in  the  accelerator. 

The  only  other  scheduled  interruptions  of 
high-energy  physics  were  for  routine  mainte- 
nance and  briefly  for  the  dedication  of  the  ac- 
celerator on  April  28.  The  run  continued  until 
July  16,  but  there  were  four  more  magnet  fail- 
ure* in  June  and  July.  We  diteuss  these  fail u res 
in  the  following'section. 

The  accelerator  shutdown  that  started  July  17 
wasa  Long  one.  The  tunnel  wasexcavatedat  F17, 
and  j  number  of  the  precast  tunnel  hoops  were 
replaced  by  ones  of  larger  cross  section  to  a.low 
more  room  for  equipment  for  extraction  of 


beam  to  the  a  nti  pro  ton-prod  action  target,  and 
for  resnjection  of  antiprotons.  In  addition,  the 
tunnel  was  modified  at  DO,  the  second 
colliding- beams  interaction  region,  for  instal- 
lation of  the  components  for  the  overpast  that 
locally  raises  the  Main-Ring  beam  by  approxi- 
mately 6  feet  to  leave  room  for  a  detector.  Dur- 
ing  this  long  shutdown,  the  ring  was  warmed  up 
and  modifications  made  to  correct  the  prob- 
lems causing  magnet  failures. 

Startup  began  on  November  3.  There  was  a 
certain  amount  of  discreet  nail  biting.  Compo- 
nents for  the  DO  overpass  were  delivered  from 
the  Magnet  Factory  at  the  last  moment,  and 
there  was  some  worry  about  whether  the  whole 
installation  would  work.  Purposely  taking  the 
beam  away  from  the  plane  of  the  accelerator 
wasa  brand  new  adventure.  In  fact,  it  worked 
very  -veil  after  only  a  few  days  of  commission- 
ing. Beam  was  accelerated  in  the  Main  Ring 
and  injected  into  the  Tevatron  on  December  2. 
Tests  continued  through  December,  with  the 
second  800-CeV  high-energy  physics  run  to 
begin  on  January  3,  1985. 


Performance 


The  best  u  j)  to  talk  about  performance  is  in 
terms  of  the  scheduled  and  actual  hoursand  the 
number  of  protons  on  target.  We  give  these  data 
in  the  accompanying  table. 

T«ble  I.  1984  Accelerator  Performance. 


400  CeV  800  CeV  Total 


Number  of  Weeks 

18 

10 

28 

Scheduled  HEP  Hrs. 

2042 

1276 

3318 

ActuJ  HEP  Hr». 

1131 

648 

1780 

*  l'p  Time  for  HEP 

55 

51 

S4 

Weekly  Averages 
Scheduled  HEP  Hrs./Week    113  128 

Actual  HEP  Hr>./We<A  63  65 


Accelerated  Proton* 

Proton^lCr1  Scheduled  Hr>.2.7xlO"  1.3x10" 

Protons  10*  Scheduled 

Hr>..  Be*i  Week                5.5x10"  2.5x10" 


In  interpreting  the  data  from  the  above  table 
it  i»  important  to  note  that  even  in  its  initial 
running  period  from  October  3,  1963,  to  Feb- 
ruary 14, 1984,  problems  with  theTevatron  pre- 
vented running  only  about  half  of  the 
scheduled  time.  For  the  best  week  5.5x10" 
protons/103  scheduled  hours  were  accelerated, 
with  the  average  for  the  18  weeks  of  400-GeV 
operation  being 2.7x10"  protons/101  *cheduled 
hours.  The  fraction  of  running  time  is  at  least  as 
good  and  the  intensity  much  higher  than  in  the 
firtt  year  of  Main-Ring  operation. 

The  level  of  operation  at  800-GeV  is  not  typi- 
cal of  what  we  expect  in  tbe  future  because  of 
the  five  Tevatron  dipote  magnet  failures.  These 
failures  were  due  to  an  unsupported  section  of 
superconducting  cable.  Immediately  after 
leaving  the  coil  package,  the  cable  is  bent  up- 
ward through  90°  and  held  by  an  insulating: 
block-clamp.  The  eable  then  is  bent  through  a 
bcmichcle,  at  the  end  of  which  is  another  in- 
flating block-clamp  that  directs  the  cable  to 
the  next  magnet  through  the  helium  connec- 
tion. Five  magnet  failures  during  the  800-GeV 
run  Here  attributed  to  the  6  inches  of  unsup- 
ported cable  between  the  two  insulating  blocks. 
When  the  magnet*  are  rauiptd  from  injection 
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ficld  (ISO  GeV)  to  800  GeV,  the  cable  experi- 
ences a  force  of  approximately  100  pound* 
which  cause*  the  cable  to  move  and  nib  against 
cryostat  putts,  resulting  in  abraded  cable  insu- 
lation, a  sliorMo-ground,  and,  ultimately, 
magnet  failure.  The  cables  at  the  other  end  of 
these  magnets  have  proper  support.  Whenever 
this  happened  the  magnet  had  to  be  replaced. 
In  order  to  remove  and  replace  each  damaged 
magnet  it  was  necessary  to  warm  up  1/24  of  the 
ring.  After  replacing  each  failed  dipole,  cool* 
down  and  refilling  with  liquid  helium  required 
approximately  two  days.  Three  to  four  days 
were  lost  for  each  magnet  failure. 

This  major  problem  has  been  eliminated. 
Because  of  the  already  scheduled  shutdown  of 
the  Tevatron  from  July  to  November  1984,  it 
was  possible  to  open  the  380  magnets  that 
needed  to  be  modified.  After  grinding  away 
approximately  10  inches  of  weld  on  the  cryos- 


tats,  a  cable  support  was  incorporated  that  waa 
known  to  be  adequate  to  prevent  conductor 
motion.  This  work  has  been  done  and  the 
Tevatron  lias  been  successfully  ramped  to  800 
GeV  (November  29,  1984)  with  the  repaired 
magnets. 

The  Tevatron  was  also  used  forSSC  studies. 
Even  though  these  efforts  bave  been  kept  at 
lower  priority  than  the  Fermilab  experimental 
program,  some  interesting  observations  were 
possible  whicb  may  influence  the  design  of  tbe 
SSC.  Beam  measurements  made  on  tbe  Tevat- 
ron were  compared  witb  computers  imulations, 
showing  a  high  level  of  predictability. 
Coasting-beam  studies  show  long  lifetimes  and 
lack  of  strong  resonance  driving  terms.  Low- 
energy  studies  were  made  to  demonstrate  that 
injection  energies  of  as  low  as  1/15  of  final 
energy  are  possible. 


Other  Activities 


In  addition  to  providing  >ui>port  that  made 
possible  the  work  described  above,  the  various 
accelerator  departments  participated  in  other 
activities  during  1984.  Several  examples  are 


given  below  by  Curtis  Owen,  Injector  Depart- 
ment Head:  Gerald  Tool,  Electrical  Engineer- 
ing Support  Group  Leaden  and  Dixon  Bogert, 
Accelerator  Division  Controls  Group  Leader: 


Curtis  Owen:  Injector 


Vacuum  tube  circuits  in  the 
anode  modulator  for  the  Linac 
final  power  amplifiers  and  in  the 
screen  modulator  for  the  driver 
amplifier  were  replaced  with  much 
simpler  and  more  reliable  solid- 
state  devices.  After  several  months 
of  prototype  development,  the 
conversion  was  accomplished  very 
smoothly  during  the  long  1984 
shutdown.  A  second  project  was  the 
design  and  installation  of  an 
additional  8-GeV  extraction  system 
for  the  Booster.  The  primary  rea- 
son for  this  is  in  provide  an  8-GeV 
test  beam  for  the  Debuncher  Ring 


(TeV  1);  however,  the  extra  extrac- 
tion system  and  beam  dump  will  be 
invaluable  in  the  course  of  normal 
operation  with  the  Main  Ring  and 
Tevatron.  It  will  permit  Booster 
beam  studiea  and  tuning  at  a  rea- 
sonable rate  parasitically  without 
dumping  8-GeV  beam  in  the 
Main  Ring  or  in  the  Booster.  The 
design  allows  an  arbitrary  fraction 
of  the  84  bunches  of  beam  in  the 
Booster  to  be  delivered  to  the 
Main  Ring  (for  bunch  coalescing 
studies  or  any  other  purpose)  with 
the  remainder  delivered  to  tbe  new 
beam  dump. 


GeraM  Tool:  Electrical  Engineering  Support 


A  program  was  carried  out  to 
rebuild  the  A2  and  A3  Tevatron 
power  supplies  to  provide  steady- 
state  operation  of  the  Tevatron  at 
energies  tip  to  1  TeV  for  colliding 


beams.  At  any  given  time,  one  of 
these  is  the  holding  power  supply, 
and  the  other  ia  an  installed  spare 
operating  a*  one  of  the  12  ramping 
supplies.  This  group,  as  well  as 
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other  Accelerator  Division  support 
((roups,  made  significant  contribu- 
tions to  designing  and  implement- 
ing antiproton  source  systems.  It  is 


estimated  that  during  1984  about 
80%  of  this  group  effort  involved 
TeV  I  work. 


Dixon  Bogert:  Accelerator  Division  Controls 


Major  tasks  undertaken 
were:  1)  Conversion  of  the 
Main-Ring  Control  system  to  the 
ACNET system,  culminating  in  the 
successful  operation  of  the  Main- 
Ring  including  the  DO-overpass  in 
November  1984;  2)  Ongoing  de- 
velopment of  the  controls  required 
for  the  p  source;  3)  Continuing 
support  for  the  improved  opera- 
tion of  the  Tevatron  including  new 
items  such  as  the  BO  low-beta  re- 
gion, the  QXR  system  (quadrupole 
extraction  system),  and  super- 
damper  control  with  the  possibility 
of  tune  measurements  of  the  Saver 
made  u:  SO  Hz;  4)  The  continued 
improvement  of  general  ACNET 
services  including  alarms  and 
Save -Com  pa  re-Re  store  capabili- 
ties; S)  The  acquisition,  in  con- 
junction with  the  AD/Calculations 
Grou  p,  of  a  third  VAX  1 1/785  com- 
puter and  a  Floating  Point  Systems 
FPS-164  attached  processor.  This 
equipment  will  greatly  improve  the 
Accelerator  Division's  ahility  to 
study  and  simulate  accelerator 
performance  and  future  ac- 
celerator designs.  There  were  62 
man-years  of  effort  recorded  hy 


AD/Controls  during  1984.  Nineteen 
of  these  years,  or  about  30%  of  the 
total,  were  devoted  to  support  for 
the  p  source.  The  greatest  part  of 
this  support  was  electronic  de- 
velopment of  control  modules  and 
systems,  including  microcomputer 
support.  Nine  man-years  of  effort, 
or  about  15%  of  the  total,  were  de- 
voted to  ongoing  support  for  the 
Tevatron  systems  as  outlined  in 
number  3)  above.  The  remaining 
55%  of  the  effort  was  devoted  to  a 
combination  of  conventional  con- 
trols support  and  the  Main-Ring 
Conversion  project.  The  ACNET 
control  system  now  has  14  consoles 
operational.  With  the  exception  of 
the  Booster,  all  components  of  the 
accelerator  are  now  controlled 
through  ACNET. 

Support  for  the  p  source  con- 
trols has  included  several  new 
micro-computer  projects.  The  de- 
cisions made  several  years  ago  to 
support  the  p  source  as  an  exten- 
sion of  the  ACNET/Tevatrou  con- 
trols system  has  greatly  simplified 
the  job  of  creating  software  inter* 
faces  for  TeV  I. 


Conclusion 


In  summary,  the  first  two  high-energy  physics 
runs, October  1983 to Fehruary  l984at400GeV, 
and  March  1984  to  July  1984  at  800  GeV,  were 
highly  successful.  Accelerators  using  super- 


conducting magnets  have  come  of  age  and  fu- 
ture accelerators  such  as  the  proposed  SSC  can 
now,  with  confidence,  move  forward  using  the 
Tevatron  as  a  solid  technology  base. 


ERIC 


906 


904 


-75- 


VII.  Magnet  Production  at  Fermilab 
Introduction 


Almost  all  of  the  work  of  Fermi  National 
Accelerator  Laboratory  involves  the  use  of 
electromagnets  in  one  way  or  another.  From  its 
very  beginning,  the  Laboratory  has  been  in- 
volved in  purchasing  magnets,  building  mag- 
nets, modifying  magnets,  repairing  magnets,  or 
advising  others  on  the  subject  of  magnets.  With 
the  completion  of  magnet  production  forTeV  I 
and  TeV  II,  well  over  3C*0  major  electromag- 
nets have  been  assembled  at  Fermilab  for  use  in 
both  accelerator  construction  and  experimen- 
tal programs.  If  smaller  magnets  ("trim**  mag- 
nets for  orbit  correction  or  beam  steering)  are 


included  the  total  number  rises  to  4-5000. 

At  different  times,  and  in  different  places, 
magnet  design  and  construction  have  gone  for- 
ward  under  organizational  names  as  diverse  as; 
The  Magnet  Factory,  Tech  nical  Services,  Tech- 
nical Support  Section,  Industrial  Area,  and 
Energy  Donbler  Magnet  Group. 

Whatever  the  designation  or  place,  the  cen- 
tral role  of  magnets  in  Fermilab*s  evolution  has 
remainrd  unchanged.  The  following  review  of 
this  crucial  activity  provides  a  glimpse  into 
some  of  the  Laboratory**  history. 


Conventional  Magnets 


ln-the  late  l960s-early  1970s,  activity  at  what 
was  then  known  as  the  National  Accelerator 
Laboratory  centered  around  planning  the  de- 
sign and  fabrication  of  magnets  for  the  Main 
Ring,  the  200-400  GeV  conventional  ac- 
celerator. Finding  the  answers  to  questions  re- 
garding design,  external  procurement  of  com- 
ponents, on-site  versus  off-site  fabrication,  as- 
sembly and  measurement,  and  eventual  re- 
work of  magnets  as  design  modifications  be- 
came necessary,  led  members  of  the  design 
group  through  a  chain  of  decisions  that  would 
prove  useful  in  later  years. 

This  was  a  large  and  revolutionary  under- 
taking: the  construction  of  upwards  of  1000 
magnets  inMie  relatively  short  time  frameset  by 
Robert  Wi!»on*s  desire  to  have  an  operating 
accelerator  on  time  and  under  budget. 

The  process  of  400-GeV  magnet  fabrication 
began  with  planningaad  design  at  an  Oakbrook 
office  complex,  moved  into  early  testing  at  Ar* 
gonne  National  Laboratory,  then  to  prelimi- 
nary fabrication  in  rented  warehouse  space  in 
West  Chicago,  and  in  the  Village  on  the  NAL 
site.  The  need  for  very  precise  alignment  of  the 
inner  coils  close  to  the  median  plane,  and  the 
reluctance  of  industry  to  try  to  meet  this  tight 


specification  led  the  Laboratory  to  build  the 
coils  in-house.  By  1970,  decisions  on  fabrica- 
tion and  assembly  had  created  the  need  for  an 
industrial  complex  at  Ferrajlab.  Industrial 
Buildings  1  and  2  were  constructed  and  oc- 
cupied as  a  test  facility,  and  coil-winding  and 
assembly  facility  respectively. 

As  completed  magnets  were  placed  in  the 
Main  Ring,  where  they  were  subjected  to  actual 
operational  loads,  production-related  electri- 
cal problems  arose  that  occupied  the  Magnet 
Facility  for  nearly  a  year  before  the  actual 
business  of  operating  the  accelerator  could 
proceed. 

With  the  completion  of  the  400-GeV  ac- 
celerator, efforts  in  the  Magnet  Facility  turned 
to  supplying  the  magnets  needed  in  the  Ex- 
perimental Areas.  A  proliferation  of  magnet 
types  and  variances  were  required,  from 
analyzing  magnets  to  bending  magnets,  from 
septum  magnets  to  EPB  di poles.  Since  flexibil- 
ity now  assumed  pre-eminence  over  quantity, 
the  Magnet  Facility  underwent  a  transition 
from  the  mass-production  techniques  used  on 
Main  Ring  magnets  to  the  smaller-scale  pro- 
duction better  suited  to  specialized  produc- 
tion. 


The  Saver  Era 


By  1975.  planning  for  the  Energy  Doubler 
(later  the  Energy  Saver,  and  then  theTevatron) 
had  been  approved,  and  serious  development 
effort  had  begun  on  a  new  generation  of  mag- 


net, the  superconducting  quadrupoles  and  di- 
poles  that  would  be  used  in  the  existing  Main 
Ring  tunnel  to  raise  the  circulating  proton 
energy  toward  1000  GeV. 
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in  miH-1979i  the  Department  of 
Energy  authorized  construction  of  the  Energy 
Doubler/Saver,  a  second  major  production 
phase  commenced*  one  that  repeated  the  pro- 
duction techniques  and  demands  from  400- 
GeV  days,  but  that  promised  an  eventual  yield 
of  more  than  twice  the  energy. 

The  basic  manufacturing  philosophy 
adopted  was  that,  while  superconducting  mag- 
nets could  be  readily  built  by  highly  trained 
personnel  lavishing  great  care  on  eaeh  magnet 
on  a  one-at-a-time  basis,  production  of  1000+ 
magnets  on  a  tight  schedule  would  not  allow  for 
such  luxury.  Therefore,  an  early  decision  was 
made  to  develop,  once  again,  new  tooling  and 
fabrication  techniques  that  would  allow  pro- 
duction of  superconducting  magnets  by  less- 
skilled  persons  at  an  increased  rate  of  speed,  as 
had  been  done  with  the  magnets  for  the  con- 
ventional Main  Ring. 

From  mid-1979  until  early  1983,  production 
of  superconducting  magnet  components  spread 
throughout  almost  the  entire  Laboratory. 
Model  cryostats  were  fabricated  by  personnel 
from  various  Magnet  Facility  shops  in  the  Vil- 
lage, and  final  cryostat  assembly  was  carried  out 
in  Lab  5  in  the  Village.  Industrial  Building  3, 
constructed  and  occupied  in  1974  as  ware- 
housing and  storage  space,  became  the  produc- 
tion center  for  superconducting  magnets. 
Room  was  made  available  at  Industrial  1  for  a 
test  facility  that  included  a  1500- watt  re- 
frigerator, new  water  system,  upgraded  power 
supplies,  state-of-the-art  data-acquisit'  >n  sys- 
tems and  six  large  test  stands  for  full-scale  mag- 
net measurement.  By  1978,  the  demands  of 
completing  the  Energy  Doubler/Saver  made 


clear  the  need  for  a  fourth  building,  and  In- 
dustrial 4  soon  was  ready  for  occupancy.  Here, 
completed  components  for  superconducting 
magnets  were  tested  and  stored  before  final  as- 
sembly. 

Superconducting  magnet  production  hit  full 
stride  by  1980,  and  by  1981  production  had 
risen  from  5  magnets  per  week  to  10.  By  1962,  as 
many  as  20  dipoles  were  completed  in  weeks  of 
peak  activity.  Quadrapole  magnets  were  regu- 
larly produced  at  a  rate  consistent  with  their 
need. 

All  through  the  Saver  years.  Magnet  Facility 
people  continued  to  work  on  specialised  mag- 
nets for  specific  beam  lines  and  experiments. 
Late  in  the  Saver  production  sequence,  the 
Magnet  Facility  was  called  upon  to  assemble 
coils  for  a  very  large  (60  feet  long,  with  an  aper- 
ture measuring  4  feet  x  4  feet)  analyzing  magnet 
for  E-605.  These  coils  were  formed  as  two-layer 
"pancakes**by  an  industrial  vendor,  and  these 
"pancakes** were  then  insulated,  assembled, 
and  welo>d  together  as  single  units  in  Industrial 
4.  This  entire  process  was  carried  out  in  time  to 
vacate  Industrial  4  in  advance  of  the  onslaught 
of  completed  Saver  magnets,  which  eventually 
claimed  all  available  floor  space. 

By  1983,  nearly  2000  individual  components 
had  been  completed,  assembled,  and  installed 
to  ci  mprise  the  Energy  Doubler/Saver.  In  Au- 
gust, 1983,  in  the  spotlight  of  publicity  created 
by  the  simultaneous  occurence  of  the  Interna- 
tional Accelerator  Conference  at  Fermi  lab,  the 
Energy  Doubler/Saver  wax  successfully  turned 
on  and  commissioned,  achieving  a  new  record 
energy  of  800  GeV. 


Tev  I/Tev  II 


One  might  have  expected  a  respite  following 
the  commissioning  of  the  Saver.  But,  as  we  have 
noted,  activities  in  other  areas  of  magnet  pro- 
duction had  carried  on  right  through  the  Saver 
era,  and  were  to  escalate  in  the  following  years. 

As  a  companion  piece  to  completion  of  the 
Energy  leaver,  an  antiproton  source  was  re- 
quired to  produce  copious  quantities  of  antip- 
roton s  that  could  be  re-injected  into  the  Saver 
and  brought  into  collision  with  protons  to 
achieve  2  TeV  in  the  center-of-mass  physics. 

In  February  of  1981,  funding  for  this  anti- 
proton  *>ource,  or  TeV  1  as  the  project  was  to  be 
called,  became  available  from  the  Department 


of  Energy.  A  second  program,  TeV  II,  was 
funded  in  January  of  1982.  The  purpose  of 'fev 
II  was  the  upgrading  of  experimental  areas  to 
prepare  them  for  1000-GeV  beam  from  the  new 
superconducting  synchrotron.  Taken  together, 
TeV  I  and  TeV  II  resulted  in  large  demands  for 
additional  magnets  to  be  provided  by  the  Mag- 
net Facility,  and  took  Fermi  lab  magnet  con- 
struction into  two  years  uf  the  most  intense  ef- 
fort yet  ex|iended. 

The  Tev  1  program  proved  to  lie  the  larger  of 
the  two.  j,ince  the  number  of  different  magnet 
characteristic*  within  the  program  wa*  greater 
than  that  of  any  previous  Fermilab  magnet  pro- 
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dnclion  sequence.  A  toUl  of  more  than  700 
magnet*  consisting  of  52  different  types,  many 
of  which  were  to  push  conventional  magnet 
technology  to  the  very  edge  of  feasibility,  were 
called  for  in  the  TeV  I  program,  inclnding  the 
largest  bending  magnets  ever  built  at  Fermi  lab 
(Accumulator  dipoles,  each  of  which  weigh  S3 
tons),  and  the  largest  qnadrupoles  yet  con* 
structed  at  Fermilab.  Each  of  these  magnets 
required  a  prototyping  stage  in  which  produc- 
tion procedures  were  developed  to  achieve  the 
required  magnetic- fie  Id  tolerances,  low  power 
consumption,  and  the  ability  to  be  taken  apart, 
moved,  and  reassembled  in  a  reproducible 
way.  From  final  design  through  prototyping, 
production,  snd  testing,  the  Magnet  Facility 
utilised  equipment  and  manpower  to  the  fullest 
wi  tb  aro n n d-t  he-clock  and  wee ke  nd  sh Ifts  fro m 
1983  through  early  1985. 

Fortunately*  the  magnets  for  TeV  II  were 
tried-and-true  standby* :  4Q120  qusdrupoles, 
6-3-120  dipoles,  3Q120  qnadrupoles,  and 
specisU function  magnets  for  beam-extraction 
and  beam-line  use.  All  in  all,  it  was  necessary  to 
build  something  over 200  additional  magnets  to 
meet  TeV  II  needs.  Wherever  possible,  coils 
and  other  sub-assemblies  were  ordered  from 
outside  vendors  and  assembled  at  the  Labora- 
tory in  wieir  final  configuration. 

To  assist  in  this  task,  the  Conventional  Mag- 
net Fscility,  the  Energy  Do  abler  Magnet  Con- 
struction Group,  the  Central  Machine  Shop, 
and  elements  of  Drafting  and  Design  were  com* 
bined  in  mid-1981  into  one  unit,  the  Technical 


Support  Services  Section.  TeV  I/TeV  II  pro- 
duction demsnds  were  such  that  a  fifth  build- 
ing. Industrial  Center,  with  a  different  ar- 
chitectural style  and  substantially  greater  floor 
space  than  the  other  four  buildings,  was  de- 
signed and  begun  in  late  1981.  A  very  rapid 
construction  period  resnlted  in  Industrial 
Center  being  ready  for  occupancy  and  use  in 
little  less  than  a  year.  Machinery  utilised  in  the 
construction  of  TeV  I  roagnets  was  brought  to 
Indnstrial  Center  in  late  1982.  Existing  pro- 
duction equipment  was  supplemented  with 
help  from  DIPEC,  a  stockpile  of  machine  tools 
maintained  by  the  Government.  Principally,  4 
large  coil-winders  Were  built.  The  hearts  of 
thes<?  machines  were  constrncted  .from 
boring-mill  turntables  left  over  from  Korean 
War-era  tank  turret  production.  Along  with 
these  winding  tables,  large  hot-air  curing  ovens 
and  additional  sand-blasting  eqnipment  were 
installed,  as  well  as  innnmerable  small  fixtures 
and  peripheral  production  aids. 

As  magnet  prodnction  for  TeV  I  and  TeV  II 
draws  to  a  close,  the  magnet  bnilders  at  Fer- 
milab see  ahead  of  them  yet  another  period  of 
development  work  on  superconducting  mag- 
nets, but  this  time  on  a  much  grander  scale:  the 
20  TeV  collider,  orSSC,  which  would  operate  at 
40  TeV  in  the  center-of-mass.  These  magnets 
would  be  made  of  superior  superconductor, 
and  would  be  40  to  60  feet  long.  Some  100  or  so 
of  these  giant  magnets  would  have  to  be  built 
and  thoroughly  tested  to  insure  the  success  of 
SSC. 
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LIMITS  ON  THE  STRENCTH  OF  A  LEFT- RIGHT-SYMMETRIC  ELECTRO  WEAK  INTERACTION.  M.  H*an|  tnd  R.  J. 
Oakaa.  Phya.  Rtv.  B29.  127  (198*). 

ON  THE  CONSERVATION  OF  ELECTRIC  CHARGE  AROUND  A  MONO  POLE  OF  FINITE  SIZE.  Y.  Kaiaa*  and  A.  San. 
Nucl.  Phya.  8247,  190  (1984). 

CONSTRAINTS  ON  THE  INTERACTIONS  OF  MAJORANA  F ARTICLES  FROM  CFT  INVAR IANCE.  A.  Khart  end  J. 
Ollanaia.  Phya.  Rev.  029.  1542  (1984). 

HOW  TO  MEASURE  THE  POLARIZATION  OF  TOP  QUARKS.    J.  H.  HJhn.  Nucl.  Phya.  1237.  77  (1984). 

ADDENDUM  TO  "PROSPECTS  FOR  A  SECOND  NEUTRAL  VECTOR  BOSON  AT  LOW  HASS  IN  S0(10)."  C.  N.  Leuni 
and  J.  L.  Roenar.  Phya.  Rtv.  029.  2132  (1984). 

ON  THE  POSSIBILITY  OF  DESTRUCTIVE  INTERFERENCE  BETWEEN  LIGHT  AND  HEAVY  MAJORANA  NEUTRINOS  IN 
NEUTRINOLESS  DOUBLE  BETA  DECAY.    C.  H.  L«un|  and  S.  T.  Fatcov.  Phya.  Utt.  1458.  416  (1914). 

CLUBS  TO  QCD  DYNAMICS  FROM  FLAVOR  DEPENDENCE  OF  HUCLEOM  SPIN-FLIP  TRANSITIONS.  H.  J.  Llpkln. 
thy.  R«v.  utt.  S3.  2075  (1984). 

IS  THE  IOTA  A  CI  ANT  QUARKONIUM  RESONANCE?  H.  J.  Llpkln  and  I.  Cohan.  Phyt.  Lttt.  135.  215 
(1984). 

KNO  SCALING  IN  THE  CERN  COLLIDER  ENERGY  RANGE.    R.  C.  Mlara,  Lttt.  Nuovo  Cla.  38.  336  (1983). 

*  JN  QUARKONIUM  POTENTIAL  MODEL.  R.  C.  Mlart  and  M.  I.  Iblal.  Lttt.  Nuovo  Cla.  38.  339 
( '983) . 

FIRST-ORDER  PHASE  TRANSITIONS  IN  A  U(1 ) -UTT ICE- GAUGE—  HICCS  THEORY.  Y.  Munthlaa.  Phyt.  Rav. 
30.  1310  (1984). 

ULTRA  HI CM  ENERGY  RADIATION  FROM  A  BUCK  HOLE.  J.  Ollenela  and  C.  T.  Hill.  Phya.  Lttt.  1438. 
92  (1984). 

POSSIBLE  SIGNATURE  FOR  PRODUCTION  OF  MAJORANA  PARTICLES  IN  t*t*  AND  p{f  COLLISIONS.  S.  T. 
Pttcov  tt  tl..  Phya.  Utt.  1398  ,  421  (1984). 

MODELS  FOR  HADRONS.  C.  Quit*.  Caaft  Thtorlaa  U  Kith  Energy  rtiyelca.  Lit  Houchaa.  Auauat  3- 
Sapttabtr  II,  1981.  p.  645. 

TOPICS  IN  QUARKONIUM  PHYSICS.    C.  QuiM.  Acta  Phytic-  PolonlCa  81 5.  53  (1984). 

INTERACTION  OF  MONOPOLBS  WITH  PERM IONS  IN  HICHER  REPRESENTATIONS.  S.  Rao.  Phyt.  Rav.  029.  2317 
(1984). 

ROLE  OF  CONSERVATION  UWS  IN  THE  CALLAN-RUBAKOV  PROCESS  WITH  ARBITRARY  NUMBER  OF  GENERATIONS  OF 
FERHIONS.    A.  San,  Phya.  Rtv.  Lttt.  52.  1755  (1984). 

THE  SLIDINC  SINGLET  MECHANISM  IN  N-l  SUPERCRAVITY  CUT.    A.  Sen.  Phya.  Lttt.  1488.  65  (1984). 

CONSISTENT  AND  COVARIANT  ANOMALIES  IN  CAUCE  ANO  "GRAVITATIONAL  THEORIES.  8.  Zualno  and 
W.  A,  Bardetn.  Nucl.  Phya.  8244.  421  (1984). 
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astrophysical  publications 

CAM  THE  QUARK  MASS  MATY IX  BR  UAL?    S.  Btrr  And  D.  S«ck«l.  Nuclttr  Phytic*  0233.  116  (1984). 

COLLAPSE*  OP  NEUTRINO*  RAX YON  PANCAKES.    J.  X.  Bond  «t  tl..  H.N.K.A.S.  210  Si)  (1964). 

THERMAL  PIODUCTtONS  OP  MONOPOLXS  IX  THK  NEW  INFLATIONARY  UNIVERSE  SCXHAKIO.  U.  C  Hint  And 
M.  S.  Turntr.  Phyt.  Rtv.  029.  21)9  (1964). 

SUFERSYMMXTRIC  OXLICS  PKOH  THE  XIC  BANC.  J.  XllU.  J.  8.  Htitlln.  D.  V.  XrnopoulOA.  X.  A. 
Olive,  and  M.  Srtdnlckl.  NucUtr  Phytic*  0230.  453  (1964). 

GENERAL  COSHDLOCICAL  00MSTKAIXT3  ON  THK  MASSES  OP  STABLE  NEUTRINOS  AMD  OTHER  'INC*'.  X.  Prtttt 
And  D.  N.  Schr«M.    Xucl.  Phyt.  0233.  167  (1964). 

EVOLUTION  OP  DENSITY  PXXTURBATIONS  THROUGH  COSMOLOCICAL  PHASE  TXANSITIONS.  J.  A.  Prt«Mn  «nd 
N.  S.  Turner.  Phyt.  Ktv.  030,  293  (1984). 

MAJOKONS:      A    SIMULTANEOUS   SOLUTION   TO  TUX   LARGE   AND   SMALL   SCALE   DAXX   MATTXX  PX09LXMS. 

C.  Ctl.inl  tt  tl..  Phyt.  Lttt.  1499.  311  (1994). 

COSMOLOCICAL  PXODUCTION  OP  KALUZA-KLEIN  MONOPOLXS.  J.  A.  Htrvty.  «t  tl..  Phyt.  Utt.  1490,  465 
(1994). 

THE  STKL'CTUEE  OP  "TECHNI"  JETS.    E.  W.  Xolb  And  L.  McLtrrtn.  Phyt.  Utt.  1439.  305  (1994). 

DIMENSIONAL  REDUCTION  IX  THE  EARLY  UNIVERSE:  WHEXX  HAVE  THE  MASSIVE  PARTICLES  CONE?  X.  U. 
Kolb  and  X.  Slantky.  Phyt.  Utt.  1359,  379  (1994). 

MO  IK  DIMENSIONS*  -LESS  ENTROPY.    E.  U.  Wo  lb  tt  tl..  Phyt.  Rtv.  030,  1205  (1994). 

MASSIVE  MAGNETIC  MONOPOLXS  IN  COSMOLOGY  AND  ASTROPHYSICS.  E.  U.  Kolb,  Ann  tit  of  X«v  York 
Acodtay  of  Scltnctt  422.  33  (1984). 

LIMITS  rXOM  THE  SOPT  X-RAY  BACKGROUND  ON  THE  TEMPERATURE  OP  OLD  NEUTRON  STARS  AND  ON  THK  PLUX 
OP  SUPERHEAVY  MAGNETIC  MONOPOLES.    E.  W.  Kolb  «nd  M.  8.  Turntr,  At  trophy*.  J.  286  ,  702  (1994). 

ANGULAR  COIIELATIONS  OP  GALAXIES  TO  9  ■  24 1     ANOTHER  PROBE  OP  COSMOLOGY  AND  GALAXY  EVOLUTION. 

D.  C.  Koo  tnd  A.  S.  Sttlty.  Attrophyt.  J.  282,  390  (1984). 

ANTINEUTXINO  ASTRONOMY  AND  GEOPHYSICS.    L.  M.  Ertutt  tt  tl..  Ntturt  310.  1 91  (1984). 

THE  APPEARANCE  OP  BUBBLES  IN  DE  SITTER  SPACE.    D.  Llndlty,  Hud.  Phyt.  0234.  322  (1994). 

FINITE  TEMPERATURE  CORRECTIONS  IN  N  •  1  SUPEXCRAVITY.  K.  A.  Ollv«  And  M.  A.  Srtdnlckl,  Phyt. 
Utt.  1409.  437  (1964). 

QUARK-HAORON  AND  CHIRAL  TRANSITIONS  AND  THEIR  RELATION  TO  THE  EARLY  UNIVERSE.  D.  N.  Schrtaa 
And  X.  Ollvt.  Nucl.  Phyt  A4I8,  289C  (1984). 

ON  THE  RELATION  OP  THE  COSMOLOCICAL  CONSTRAINTS  ON  NEUTRINO  FLAVORS  TO  THE  WIDTH  OP  THE  Z 
D.  N.  SchrtM  tnd  C.  $ttl*«*n.  Phyt.  Utt.  1410.  337  (1984). 

PBESCRIPTION  FOR  SUCCESSFUL  NEW  INFLATION.  P.  J.  Sttlnhtrdt  tnd  h.  S.  Turner,  Phyt.  Rtv.  029, 
2162  (1984). 

THE  FLATNESS  OF  THE  UNIVERSE*  RECONCILING  THEORETICAL  PREJUDICES  WITH  OBSERVATIONAL  DATA. 
M.  S.  Turntr  At  tl.,  Phyt.  Ktv.  Utt.  32,  2090  (1984). 

BIC  BANG  NUCLEOSYNTHESIS:  GATEWAY  TO  THE  VEX*  EARLY  UNIVERSE.  M.  S.  Turntr.  Anntlt  of  th«  NY 
Actd«»y  Of  Scltnctt  422.  10<  (1964). 

STRINCS.  NON-RANDOM  PHASES  AND  THE  ORIGIN  OF  GALAXIES  AND  CLUSTERS.  N.  Turok  And  D.  N. 
SchrtM.  Ntturt  312.  598  (1984). 

PRIMORDIAL  NUCLEOSYNTHESIS  A  CRITICAL  COMPARISON  CP  THEORY  AND  OBSERVATION.  J.  YtnR  At  tl.. 
Attrophyt.  J.  281.  493  (1964). 
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IX.  1984  Workshop  and  Seminar  Series 
Theoretical  Physics  Seminars 


S.  Nusslnov,  University  of  Pennsylvania,  and  Tel-Aviv,  Israel:  "Masa 
Inequalities  In  QCD,"  January  10,  1984 

J*  Sexton,  Columbia  University:  "Local  Lattice  Fermlon  Actions,"  January  10, 
1984 

P»  Kundu,  University  of  Utah:  "Spontaneous  Symmetry  Breaking  In  Cosmologlcal 
Space  time  8,**  January  17,  1984 

M»  Rubin,  University  of  Texas:  "Dynamical  Quantum  Effects  In  Kaluza-Kleln 
Theories,"  January  !9,  1984 

A.  Prulsken,  Schl umberger-Doll  Research:  "The  Theta  Vacuum  Llveai — A  Novel 
Explanation  for  the  Integral  Quantum  Hall  Effect,"  January  26,  1984 

S*  Chadha,  Rutherford  Appleton  Laboratory,  Chilton  Dldcot  England:  "Use  of 
Chlral  Lagranglans  for  Proton  Decay,"  February  2,  1984 

F.  Green,  Northeastern  U'  Wersity:  "The  Confining  Detranaltlon,**  January  31, 
1984 

L.  Sraolln,  University  of  Chicago:  "Composite  Hlgga  Bosons  From  an  Extended 
Gauge  Symmetry,"  February  7,  1984 

X.  Tata,  University  of  Oregon:    "Seeing  SUSY,"  February  21,  1984 
S.  Das,  Fermilab:     "The  Uses  of  Large  N,"  February  28,  1984 

M»  Gunaydln,  California  Institute  of  Technology:  "The  Exceptional 
Supergravity  Theories  and  the  Haglc  Square,"  March  8,  1984 

R»  Pisarski,  ITP,  Santa  Barbara,  California:  arge  N  and  Chlral  Symmetrica 
In  Finite  Temperature  QCD,"  March  6,  1984 

S.  Libby,  Brown  University:  "Quantized  Hall  Effect,  Localization,  and  the 
Theta  Vacuum,"  March  13,  1984 

B.  Svetitsky,  Cornell  University:  "Lattice  Gauge  Theory  at  High  Temperature," 
March  20,  1984 

p.  Lepage,  Cornell  University:  "Effective  Lagranglans  for  QED  and  QCD — A 
Renormal Izatlon  Group  Strategy  for  Bound  States,"  March  27,  1984 

G*  Bhanot,  Institute  for  Advanced  Study:  "Topology  on  the  Lattice,"  April  3, 
1984 

S.  Gupta,  Institute  for  Advanced  Study:  "Problems  with  the  New  Inflationary 
Universe  and  A  Possible  Solution,"  April  10,  1984 

K.  F.lMs,  Pencil ab:  "Vector  Boson  Production  at  Collider  and  TeV  I  Energies," 
April  17,  1984 
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R.  Jacklw,  Massachusetts  Institute  of  Technology:  "Quantitation  of  Physical 
Parameters,**  April  24,  1984 

I.  Antoniatis,  Stanford  Linear  Accelerator  Center:  "Conformal  Gravity  and  the 
Cosraological  Constant,"  April  30,  1984 

E.  Farhi,  Massachusetts  Institute  of  Technology:  "Strange  Matter,"  May  8, 
1984 

J.  P.  Ralston,  Argonne  National  Laboratory:  "Chiral  Calamity  in  the  Skyrme 
Model ,"  May  15,  1984 

M.  Veltman,  University  of  Michigan:  "Bound  States  of  Vector  Bosons,"  May  23, 
1964 

A.  Kronfeld,  Cornell  University:  "Lattice  Analysis  of  Exclusive  Processes  and 
Deep  Inelastic  ScoCtering,"  May  24,  1984 

Theory  Croup,  Fermilab:     "Discussion  of  the  CERN  "Zoo"  Events,"  May  22,  1984 

Jonathan  Schonfeld,  Fermilab:  "Statistical  Mechanics  of  Colliding  Beams," 
May  29,  1984 

Theory  Croup,  Fermilab:  "CERN  Zoo  Events:  Theoretical  Perspectives  "  Mav  31. 
1984 

S.  Wadla,  Tata  Institute,  Bombay:  "The  Low  Energy  Effective  Lagrangian  in 
QCD,"  June  5,  1984 

C.  P.  Korthals  Altes,  CPT  -  CNRS,  Marseille,  France:  "Gauge  Fields  in  a  Box, 
Zero  Modes  and  Finite  Sire  Effects,"  June  21,  1984 

K.  Olynyk,  Ohio  State:  "A  Gauge  Invariant  View  of  Symmetry  Breaking  " 
June  26,  1984 

H.  Steger,  Max-pl anck-Instltute:  "B-Meson  Decay  and  CP  Violation  and  Mixing 
in  F  and  B  Systems,"  July  3,  1984 

Hasenfratz,  University  of  Michigan:  "Monte  Carlo  Renormal ization  Group 
Methods,"  July  10,  1984 

0.  Alvarez,  University  of  California,  Berkeley:  "Geometry  and  Anomalies  " 
July  17,  1984 

C.      Zar  .108,      Argonne      National      Laboratory:  "Topological ly  Induced 

Paral lellzatlon  and  I.R.  Fixed  Point,"  August  7,  1984 

C.  Schmld,  Institute  of  Theoretical  Physics,  Eidgenossische  Tech.  Hochsch. 
Zurich,  Switzerland:  "Excitation  and  Decay  of  a  Dyon  and  The  Rubakov  Cal 1  an 
Effect,"  August  14,  1984 

K.  Bitar,  American  Unlveristy  of  Beirut,  Lebanon:  "Renormal ization  Flow  of 
Lattice  Gauge  Actions,"  August  21,  1984 
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D.  Caldi,  Brookhaven  National  Laboratory:  "Skyrmions  and  Vector  Mesons:  A 
Symmetric  Approach,"  August  30,  1984 

B.  Kayser,  National  Science  Foundation:  "CP  ad  CPT  Properties  of  Hajorana 
Particles  and  Their  Consequences,"  September  4,  1984 

0.  W*  Greenberg,  University  of  Maryland:  "Nambu-Goldstone  Fermlons  and 
Composite  Models  of  Quarks  and  Leptons,"  September  11,  1984 

A.  Patrasclolu,  University  of  Arizona:  "Functional  Integration  on  Compact 
Spaces,"  September  17,  1984 

M.  Gronau,  Technlon,  Haifa,  Israel:  "Is  CP  Violation  Maximal?"  October  23, 
1984 

H.  Hata,  Kyoto  University,  j  it:  "Color  Confinement,  BRS  Symmetry  and 
Negative  Dimensions,"  October  25,  1984 

U.  Sarkar,  University  of  Texas:  "N  -  2  SUSY  and  Composlteness,"  October  30, 
1984 

A.  Jourjlne,  University  of  Wisconsin:  "Dimensional  Reduction  as  a  Phase 
Transition,"  November  6,  1984 

D.  R.  Yemie,  Cornell  University:  "The  Two  Body  Problem  In  Quantum 
Electrodynamics,"  November  13,  1984 

S.  Rao,  Fertnllab:  "Fermlons  Interacting  with  Spherically  Symmetric 
Monopoles,"  November  20,  1984' 

S.  Elttzur,  Hebrew  University,  Jerusalem:  "Discrete  Anomalies  in  Higher 
Dimensions,"  September  18,  1984 

K.  H.  Streng,  University  of  Munich:  "Colored  Weak  Bosons:  Possible  Signals 
for  Composltene8s,"  September  25,  1984 

M.  Gridy,  Argonne  National  Laboratory:  "An  Improved  Psuedo-Fermlon  Technique 
for  Performing  Monte-Carlo  Simulation  with  Fermlons,"  October  2,  1984 

A.  Masiero,  CERN:    "Split  Light  Composite  Supermultiplets,"  October  9,  1984 

L.  Beaut  leu,  University  of  Paris:  "Quantization  of  Generalized  Gauge  Theories 
in  a  Flat  Space  and  Curved  Space  with  or  Without  Local  Super symmetry," 
October  18,  1984 

S.  Sbenker,  University  of  Chicago:  "String  Compactlf ication?"  November  27, 
1984 

E.  Mattala,  ITP,  Santa  Barbara:  "Thermodynamic  Instability  of  deSitter 
Space,"  November  29,  1984 

P.  Hoyer,  University  of  Wisconsin:  "Gauge  Covarlant  QCD  Bound  State," 
December  4,  1984 
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L.  Mezincescu,  University  of  Texas,  Ausl'n:  "The  o  -  Model  Interpretation  of 
the  Green-Schwarz  Covariant  Superstring  Action,"  December  10,  1984 

M.  Green,  Queen  Mary  College  and  Caltech:  "Developments  in  Superstring 
Theory,"  December  11,  1984 


P.  Meyers,  Lawrence  Berkeley  Laboratory:  "Nucleon  Structure  Function  From 
Berkeley,  Fermilab,  Princeton  Experiment,"  Jan-iary  6,  1984 

E.  J.  Siskind,  NYCB  Real-Time  Computing  Inc.,  and  Cornell  University  Medical 
College:  "Minimally  Invasive  Imaging  of  the  Coronary  Arteries  in  Man— An 
Operational  VAX-Fastbus  Experiment  Outside  of  High  Energy  Physics," 
January  13,  1984 

N.  Giokaris,  Fermil  o:  "Electron  Scattering  from  Nuclear  Target'." 
January  20,  1984 

E.  'Paschos,  University  of  Dortmund:  "Charged  Current  CoupUngs  and  the 
Physics  of  the  B-Mesons, "  January  27,  1984 

M.  M.  Nieto,  Los  Alamos  National  Laboratory:  "Physics  at  the  Proposed 
National  Underground  Physics  Facility,"  February  3,  1984 

P.  Drell,  University  of  California-Berkeley,  Lawrence  Berkeley  Laboratory: 
"Parity  Non-Conservation  in  Atomic  Transitions,"  February  10,  1984 

S.  Dawson,  Lawrence  Berkeley  Laboratory:  "Finding  Supersymmetry  in 
Colliders,"  February  17,  1984 

J.  Schonfeld,  Fermilab:  "What  You  Should  Know  (Things  Your  Mother  Never  Told 
You)  About  Colliding-Beam  Storage  Rings,"  February  24,  1984 

T.  Stanev,  Bartol  Research  Foundation:  "Things  That  People  Really  See  In 
Proton  Decay  Detectors,"  March  9,  1984 

D.  Cline,  Unive  sity  of  kiscon&ln:  "Observation  of  same  Sign  and  Opposite 
Sign  Dileptons  At  The  CERN  pp  Collider,"  March  9,  1984 

C.  Quigg,  Fermilab:    "Super-Collider  Physics,"  March  23,  1984 

W.  Hofmann,  Lawrence  Berkeley  Laboratory:  "Recent  Results  From  the  TPC  at 
PEP,"  March  30,  1984 


C.  Matteuzzi,  Stanford  Linear  Accelerator  Center:  "New  Results  from  the  Mark 
U  Experiment,"  April  6,  1984 

H.  U.  Martyn,  I.  Phys.  Institute  R.  W.  T.  H. ,  Aachen,  Germany:  "Recent 
Results  From  the  T.'.SSO  Collaboration,"  April  13,  1984 

M.  Koshiba,  Uiiversity  of  Tokyo:  "Results  From  The  Kamioka  Nurleon  Decay 
Experiment,"  Airil  20,  1984 


Joint  Experimental-Theoretical  Physics  Seminars 
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R.  Bernstein,   University  of  Chicago:      "An  Experimental  Determination  of  c'/c 
In  the  Neutral  Kaon  System  (E-617),"  May  11,  1934 

M.  R.  Whallev,  University  of  Durham:     "Data  Conpilations  in  HEP    The  Durham-- 
RAL  Databases,"  May  18,  1984 

N.  Paver,  ICTP ,  Trieste:     "Multiple  Parton  Interactions  ana  Multijet  Events  at 
Collider  Energies,"  May  25,  1984 

S.  Fuess,  Fermilab:     "An  Experimental  Comparison  of  the  Neutral  Current  Inter- 
actions to  the  Charged  Current  Interaction  (E594),"  June  1,  1984 

J.  Cooper,  University  of  Pennsylvania:     -Chi  Production  by  Hadrons 
(E-610/673),"  June  8.  1984 

F.  Dydak,  CERN:    "Recent  CDHS  Neutrino  Results,"  June  14,  1984 

T.  Sjostrand,  University  of  Lund,  Sweden:  "New  Developments  in  the  Lund  Jet 
Fragmentation  Model,"  June  22,  1984 

M.  Anselmino,  Indiana  University:  "Spin  Dependence  of  the  Fragmentation 
Process  of  Quarks  and  Cluons,"  June  29,  1984 

D.  Cline,  University  of  Wisconsin:  "Observation  of  Lepton  +  Multi-Jet  Events 
in  UA-1   Experiment  and  Search  for  the  Top  Quark,"  July  6,  1984 

A.  Zee,  University  of  Washington,  Seattle,  Washington:  "Dark  Matter  and 
Galaxies:    An  Overview,"  July  20,  1984 

D.  Undley,  Fermilab:  "The  Distribution  of  Matter  in  the  Universe,"  July  27, 
and  August  17  ,  1984 

M.  Bourquin,  University  of  Geneva,  Switzerland:  "Baryons  with  Strangeness  and 
Charm,"  August  10,  1984 

B.  Foster,  Bristol  University:  "Lifetime  Measurements  and  Experience  with  the 
TASSO  Vertex  Detector,"  August  31,  1984 

G.  Preparata,  Universitv  of  Bari:  "Quarks  in  Collisions;  e+e",  Lepton- 
Nucleon,  p(p)+p,"  August  29,  1984 

Assorted  Members  of  the  Theory  Group,  Fermilab:  "The  Zeta:  Who  Ordered 
That'*"  September  14,  1984 

D.  Klem,  Stanford  Linear  Accelerator  Center:  "b-Lifetime  Results  from  Delco," 
October  5,  I  984 

D.  Carlsmith,  University  of  Wisconsin:  "K°*  (890)  Radiative  Decay  Width," 
October  19.  1984 

P.  Grafstrom,  Fermilab:  "Electron  Asymmetry  from  Polarized  t-  Beta  Decay  K 
Critical  Test  of  the  Cabibbo  Model,"  October  26,  19P'i 
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H»  Tye,  Cornell  University:    "Physics  Interpretation  of  the  Zeta,"  November  2, 


p.  Reiner,  University  of  Rochester:  "Search  for  Anomalous  Gravitational 
Effects  at  the  Fermilab  Accelerator,"  November  9,  1984 

G.  Giacomelli,  University  of  Bologna:  "Con,,  •  ison  of  pp  and  pp  at  the  ISR," 
November  5,  1984 

.1.  Cronin,  University  of  Chicago:  "Direct  Measurement  of  the  a0  Lifetime," 
November  16,  1984 

R.   Enomoto,  University  of  Tokyo:     "Evidence  for  the  F*  Meson,"  November  20, 


N.  Schmitz,  Max  Planch  Inst.,  Munich:  "W  and  Q2  Depedence  of  Fragmentation 
Functions  Measured  in  Deep  Inelastic  Leptoproduction,"  November  27,  1984 

A.  Yokosava,  Argonne  National  Laboratory:  "Report  on  the  International 
Symposium  of  High  Energy  Spin  Physics  at  Marseille,  France  (Sept.  1984)," 
November  30,  1984 

T.  Nash,  Fermilab:     "Status  Report  on  the  ACP,"  December  14,  1984 

L.  Teig,  Yale  University:  mt-  Production  Polarization  and  Magnetic  Moment 
from  E-497  ,"  December  21  ,  1984 


S.  Brams,  New  York  University:  "'Approval  Voting'  A  Better  Way  to  Elect  a 
President?"  January  4,  1984 

G.  Yonas,  Sandia  National  Laboratory:  "A  Modern  View  of  Ballistic  Missile 
Defenses,"  January  11,  1984 

H.  Kautzky,  Fermilab:    "Artificial  Heart  Valves,"  January  18,  1984 

J.  Hubbard,  Cornell  University:     "Order  and  Chaos,"  January  25  1984 

P.  Carruthers,  Los  Alamos  National  Laboiatory:  "Hadronizatlon  and  Galaxy 
Counts:    Examples  of  a  Simple  Stochastic  Process,"  February  1.  1984 

A.  Crewe,  University  of  Chicago:  "Sub-Angstrom  Electron  Microscopy," 
February  7,  1984 

L.  Smarr,  University  of  Illinois:  "Exploring  the  Laws  of  Physics  on  a 
Supercomputer,"  February  8,  1984 

M.  Rees,  University  of  Cambridge:  "Evolution  of  Galactic  Nuclei," 
February  15,  1984 


1984 


1984 


Fermilab  Colloquia 
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F.  Davidson,  Massachusetts  Institute  of  Technology:  "Tunnels:  Past,  Present, 
and  Future,"  February  22,  1984 

S.  Salzberg,  Yale  University:  "Linguistics  and  Artificial  Intelligence," 
February  29,  1984 

J.  C.  Brandt,  Goddard  Spare  Flight  Center:  "U.  S.  Mission  to  Comet  Ciacobini- 
Zinner,"  March  7,  1984 

T.  Ackerraan,  NASA  Ames  Research  Center:  "Nuclear  Winter:  Global  Confluences 
of  Multiple  Nuclear  Explosions,"  March  14,  1984 

G.  McDonough,  Marshall  Space  Flight  Center:  "The  Space  Shuttle  Main  Engine 
Design,"  March  21 ,  1984 

E.  P.  Krider,  University  of  Arizona:  "Lightning— A  Diferent  Kind  of  High- 
Energy  Physics,"  March  28,  1984 

C.  Vcn  Degrift,  National  Bureau  of  Standards:  "Macroscopic  Effects  of  Nuclear 
Spin  in  Solid  *He,"  April  4,  1984 

L.*  Nirenberg,  New  York  University:  "Remarks  on  Nonlinear  problems,"  April  11, 
1984 

F.  Parke,  New  York  Institute  of  Technology:  "Overview  and  Trends  in  Computer 
Animation,"  April  19,  1984 

A.  Guth,  Massachusetts  Institute  of  Technology:  "The  Inflationary  Universe," 
May  4,  1984 

S.  Jachim,  AT&T  Bell  Labs:  "Terrestrial  Microwave  Digital  Radio:  A  Growing 
Information  Age  Telecommunication  Medium,"  May  9,  1984 

p.  Diaconis,  Stanford  University:  "The  Statistics  of  Shuffling  Cards," 
May  16,  19C4 

F.  Filas,  Loyola  University:  "Basics  &  Latest  Research  Updates  on  the  Shroud 
of  Turin,"  May  23,  1984 

S.  Manabe,  Princeton  University:    "C02  and  Climate,  **  May  30,  1984 

J.  Thomson,  Rand  Corporation:     "Deterrence  &  Strategic  Defenes,"  June  6,  1984 

P.  Handler,  University  of  Illinois:  "Volcanoes,  Sea  Surface  Yerape,-atures  and 
Global  Climate,"  June  13,  1984 

R.  Hansen,  AT&T  Bell  Labs:  "Computers  and  Networking  in  AT&T  Bell  Labs," 
June  20,  1984 

D.  Frey,  Bell  and  Howell:  "Managing  the  Innovative  Organization,"  June  27, 
1984 

J.  H.  McAlear,  Gentronix,  Inc.:  "Biomol  ecular  Electronics,"  September  13, 
1984 
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C.  Persson,  Jet  Propulsion  Laboratory:  "Infrared  Astronomy  Statellite," 
September  26,  1984 

H.  Davidson,  !  *wrence  Livermore  Laboratory:  "How  to  Put  a  Cray  I  ±n  a  Tuna 
Fish  Can  and  Hake  It  Run  Faster,"  October  3,  1984 

C.  F.  Ehret,  Argonne  National  Laboratory:  MClrcadian  Clocks  at  the  Base  of 
Life:  Recent  Advances  in  Chronobiology  and  Chronobiotechnology, "  October  10, 
1984 

L.  G.  Hullenauer,  Bell  Lab:  "Solitons  in  Optical  Flbera  and  the  Soli  ton 
Laser,"  October  17,  1984 

P.  Commins,  University  of  California,  Berkeley:  "Parity  Honconservation  In 
Atomic  Thallium,"  October  24,  1984 

A.  T.  Winfree,  Purdue  University:  "3D  Wave  Topology  in  Excitable  Media  (the 
human  heart,  for  example),"  October  3i,  1984 

F.  E.  Dal  ton,  Metropolitan  Sanitary  District  of  Greater  Chicago:  "Status  of 
Chicagoland  Tunnel  and  Reservoir  Plan  (TARP) , "  November  7,  1984 

A.  K.  Dewdney,  University  of  Western  Ontario:  "The  Planiverse,"  November  14, 
1984 

P.G.O.  Freund,  University  of  California:  "Modern  Kaluza-Klein  Theory," 
November  28,  1984 

M.  Mathews,  AT&T  Bell  Labs:  "Studies  of  Violin  Tone  by  Electrical  Simulation 
of  the  Resonances  of  the  Violin  Body,"  December  5,  1984 

J.  p.  Kemp  ton,  Illinois  State  Geological  Survey:  "Vhe  Role  of  Geology  in 
Siting  Studies  in  Illinois;  The  Proposed  SSC,  A  Premier  Example,"  December  12, 
1984 

E.  Carlson,  Department  of  Biochemistry,  New  York:  "H.  J.  Muller:  Gadfly  of 
Science,"  December  19,  1984 

R.  Bond,  Stanford  University:  "Dark  Matter  and  Cosmic  Background  Radiation 
Anisotropics,"  November  12,  1984  • 

R.  Juszkiewicz,  University  of  California,  Berkeley:  "The  Large-Scale 
Structure  of  the  Microwave  Background  Radiation,"  December  3,  1984 

J.  Preskill,  Caltech:    "Voids  as  Fluctuations,"  December  17,  1984 
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Theoretical-Astrophysics  Seminars 


S.  Barr.  University  of  Washington:     "Euclidean  Chlral  Fermions,"  January  16, 


A.  Chodos,  Yale  University:  "Quantum  Aspects  of  Kaluza-Kleln,"  January  30, 
1984  • 

M.  Perry,  Princeton  University:     "Kalura-Klein  Monopoles,"  February  6,  1984 

M.  Kereld,  Caltech:  "Gravity  Waves  and  the  Caltcch  Laser  Interferocieter," 
February  8,  1984 

P.  Slklvle,  University  of  Florida:    "Axlonla,"  February  13,  1984 

A.  Vllenkln,  Tufts  University:  "Creation  of  Unive-ses  froa  Nothing," 
February  27,  1984 

I.  Waaseroan,  Cornell  University:  "Plasma  and  Gravitational  Dynamics  of  a 
Monopole  Halo,"  March  12,  1984 

G.  Chapline,  Lawrence  Llvermore  National  Laboratory:  "Unification  of  Ele- 
mentary Particle  Physics  and  Cosmology  In  10  Dimensions,"  March  19,  1984 

N.  W?l88,  University  of  British  Columbia:  "Evolution  Equations  for  the  Hlggs 
Field  In  a  Hot,  Expanding  Universe,"  April  9,  1984 

F.  Grazlanl,  University  of  Colorado:  "Fragmentation  In  Molecular  Clouds," 
April  9,  1984 

F.  Cooper,  Los  Alamos  National  Laboratory:  "An  Improved  Method  for  Studying 
False-Vacuum  Decay,"  April  19.  1984 

S.  Y.  PI,  Boston  University:    "Inflation  Without  Tears,"  April  23,  1984 

C.  Hogan,  Caltech:     "Astrophysics  of  Strings,"  May  7,  1984 

R.  Rood,  University  of  Virginia:     "3He  Abundances,"  May  14,  1984 

F.  Cordova,  Los  Alamos  National  Laboratory:  "EXOSAT  X-Ray  Observation  of 
Close  Binary  Systems,"  May  21.  1984 

B.  Carr,  University  of  Cambridge:  "Pre-Gal actlc  Star3  and  the  Dark  Mattel 
Problem,"  October  1,  1984 

J.  Hills,  Los  Alamos  National  Laboratory:  "Comet  Showeri  and  Nemesis  the 
Death  Star,"  October  15,  1984 

N.  Turok,  ITP,  Santa  BarUra:  "Sel f-Similarity  of  Cosmic  Strings," 
October  22,  1984 

T.  Allen,  University  of  Michigan:  "Late  Evolution  of  Cosmologlcal  Structure," 
October  *9 ,  1984 


1984 
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Rese&rch  Technique  Seminars 


A.  Voroblev,  Leningrad  Nuclear  Physics  Laboratury:  "E715  Tranaitlon  Radiation 
Detectors,"  February  16,  1984 

D.  Anderson,  Fermilab:     "Some  New  Jtdeaa  in  Detectors,*1  February  23,  1984 

R.  A.  Holroyd,  Brookhaven  National  Laboratory:  "Physics  and  Chemistry  of  Room 
Temperature,**  March  8,  1984 

G.  Coutrskon,  Fermi  lab:  "Ring  Imaging  Cerenkov  Results  Using  Mult ^-Needle 
Detectors,"  Msrch  22,  1984 

M.  Atac,  Fermilab:  "Breakdowns,  Spsrks,  Ratea  and  Long  Lifetimes,"  KarcN  29, 
1984 

D.  Kaplan,  Fermilab:  "A  40  MHz,  Parallel,  Pipelined  Event  Processor  for 
E-605,"  April  19,  1984 

P.  Mangeot,  Saclay:  "Can  Detectora  Combined  with  Indium  Targets  Help  Solar 
Neutrino  Puzzle?"    April  26,  1984 

A.  Breskin,  Weizaann  Institute:  "New  Prospects  with  Low  Pressure  Gsseous 
Detectors,"  May  3,  1984 

M.  Atac,  Fermilab:     "Radial  Drift  Chamber  for  the  CDF,"  May  10,  1984 

L.  Holloway,  University  of  Illinois:  "High  Precision  Charge  Division  for  the 
CDF,"  May  10,  1984 

S.  Majewski,  Fermilab;  "Thin  Multiwire  Chambers  in  the  Highly  Saturated 
Mode,"  May  31 ,  1984 

P.  Rehak,  Brookhaven  National  Laboratory:  "High  Resolution  Germanium  Drift 
Detector,"  June  21,  1984 

X.  Peach.  CERN:    "  Experience  with  FASTBUS  at  CERN,"  October  17,  1984 

M.  Panter,  CERN:  "High  Density  Projection  Chamber  Calorimeter  for  the  DELPHI 
Experiment,"  October  24,  1984 

P.  Sharp,  Rutherford  and  Appleton  Laboratoriea:  "Ring  Imaging  Cherenkov 
Detector  for  the  CERN  OMEGA  Spectrometer,"  October  25,  1984 

A.  Policarpo,  Univeraidade  de  Coimbra,  Portugal:  "The  Gain  Divergence  at  the 
Transition  to  the  Self-Quenching  Streamers,"  October  26,  1984 

G.  Harlgel,  CERN-EF:  "Argon  Bubble  Chamber  for  Fixed  Target  Experiments  at 
Multi-TeV  Accelerators,"  November  29,  1984 

G.  Coutrakon,  Fermilab:  "Ring  Imaging  Cherenkov  Results  Using  a  Wire  Chamber 
with  Cathode  Pad  Readout,"  December  6,  1984 
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Arms  Control  and  International  Security  Seminar  Series 

G.  Yonas,  Sandia  National  Laboratory:  "A  Modern  View  of  Ballistic  Missile 
Defense?,"  January  11,  1984 

R.  D.  Voodruff,  Lawrence  Berkeley  Laboratory:  "Arms  Control  and  Strategic 
Optiom  for  the  1990*8,"  February  9,  1984 

T.  Ackorraan,  NASA  Ames  Research  Center:  "Nuclear  Winter:  Global  Consequences 
Cent*,  of  Multiple  Nuclear  Explosions,"  March  14 ,  1984 


Inner  Space/Outer  Space  Workshop  on  High  Energy  Physics, 
Astrophysics,  and  Cosmology 
May  2-4,  1984 

Fermilab  Workshop  on  Fixed  Target  Physics 
June  9,  1984 

Vertex  Detectors:    Charm  and  Beauty  I  Workshop 
September  21-22,  1984 

Direct  Neutral  Lepton  Facility  Workshop 
October  12-13,  1984 

Hyperon  Physics  at  the  Tevatron  Workshop 
December  7-8,  1984 


Other 

Fermilao  Users  Annual  Meeting 
April  27-28,  1984 

Dedication  of  the  Energy  S*ver 
April  28,  1984 

Fermilab  Industrial  Aff Hates  Annual  Meeting 
May  24-25,  1984 

U.  S.  Summer  School  on  High  Energy  Particle  Accelerators 
August  13-24,  1984 


Workshops 


953 


-124- 


Universities  Research  Association,  Inc. 
Trustees 


Harry  Voolf,  Chairman;  Barry  C.  Barlah,  John  M.  Deutch,  Ullllaa  B.  Frcttcr, 
Maurice  Gllcksman,  Martin  Coland,  Edwin  L.  Goldwasaer,  Robert  t.  Gordon,  Ullllaa 
E.  Cordon,  Herbert  Surety,  Harold  H.  Hall,  Lawrence  U.  Jonea,  Prabahan  K.  Kablr, 
Ullllaa  L.  Krauahaar,  Joaeph  E.  Lannuttl,  Alfred  K.  Mann,  Boyce  D.  McOanlel,  Homer 
A.  Neal,  Donald  E.  Oaterbrock,  Lee  G.  Pondroo,  J.  Ely  Shrauner,  Harrlaon  Shull, 
H.  Cuyford  Stever 


H.  Guyford  Stever,  Prealdent;  Janes  C.  Matheaon,  Vlce-Prealdent/Secretary;  Robert 
A.  Will lama,  Treasurer/Controller    Leon  M.  Lederman,  Laboratory  Director 

Universities  Research  Association  Visiting  Committee  —  1984 

Frank  Sclulll,  Chairman;  Mary  Kay  Galllard,  Richard  Heine,  Robert  McCarthy,  Boyce 
McDanlm},  Thomaa  0*Halloran,  Joaeph  P.  Owena,  Lee  Pondrom,  John  Reea,  Prank 
Shoemaker,  Stanley  Uojclckl 


The  Unlveralty  of  Arizona,  Brown  Unlveralty,  California  Inatltute  of  Technology, 
Unlveralty  of  California-Berkeley,  Unlveralty  of  Calif ornla-Loa  Angeles, 
Unlveralty  of  Calif ornla-San  Diego,  Carnegie-Mellon  Unlveralty,  Caae  Ueatern 
Reaerve  Unlveralty,  Unlveralty  of  Chicago,  Unlveralty  of  Colorado,  Columbia 
Unlveralty,  Cornell  Unlveralty,  Duke  Unlveralty,  The  Florida  State  Unlveralty, 
Harvard  Unlveralty,  Unlveralty  of  Hawaii,  Unlveralty  of  Ullnola,  Indiana 
Unlveralty,  The  Iowa  State  Unlveraltv,  Unlveralty  of  Iowa,  The  John*  Hopklna 
Unlveralty,  Unlveralty  of  Maryland,  Maaaachuaetta  Inatltute  of  Technology,  The 
Unlveralty  of  Michigan,  Michigan  State  Unlveralty,  Unlveralty  of  Mlnneaota, 
Unlveralty  of  North  Carolina,  Northeaatern  Unlveralty,  Northweatem  Unlveralty, 
Unlveralty  of  Notre  Dame,  The  Ohio  State  University,  University  cf  Pennaylvanla, 
Princeton  Unlveralty,  Purdue  Unlveralty,  Rice  Unlveralty,  The  Unlveralty  of 
Rocheater,  The  Rockefeller  Unlveralty,  Rutgera  The  State  Unlveralty,  Stanford 
Unlveralty,  State  Unlveralty  of  New  York  at  Buffalo,  State  Unlveralty  of  New  York 
at  Stony  Brook,  Steven*  Inatltute  of  Technology,  Syracuae  Unlveralty,  The 
University  of  Texas  at  Austin,  Unlveralty  of  Toronto,  Tufta  Unlveralty,  Tulane 
Unlveralty,  Vanderbllt  Unlveralty,  Unlveralty  of  Virginia,  Virginia  Polytechnic 
Institute  and  State  Unlveralty,  Uaahlngton  Unlveralty,  Unlveralty  of  Uaahlngton, 
University  of  Ulaconsln-Madlaon,  Yale  Unlveralty 


Officers 


Member  Institutions 
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Physics  Advisory  Committee 


Hugh  Williams,  Chairman,  University  of  Pennsylvania;  Stanley  Brodsky,  Stanford 
Linear  Accelerator  Center,  John  Curia)  at,  University  of  Colorado;  Thorass  Devlin, 
Rutgers  University;  Gary  Feldman,  Stanford  Linear  Accelerator  Center,  Howard 
Cordon,  Brookhaven  National  Laboratory;  David  Hltlln,  California  Institute  of 
Technology,  Peter  Koehler,  Ferral  National  Accelerator  Laboratory;  Vera  Luth, 
Stanford  Linear  Accelerator  Center;  Alfred  Mueller,  Columbia  University;  Melvyn 
Shochet,  University  of  Chicago;  Hsrtlnus  Vel tnan.  University  of  Michigan 


Robert  L,  McCarthy,  Chairman,  State  University  of  New  York-Stony  Brook;  Carl 
Bromberg,  Michigan  State  University;  Charles  N.  Brown,  Feral  National  Accelerator 
Laboratory  Roger  L.  Dixon,  Feral  National  Accelerator  Laboratory;  Alexander  R- 
Dzlerba,  Indiana  University;  Paul  D.  Crannls,  Stste  University  of  New  York-Stony 
Brook;  Kenneth  Heller,  University  of  Minnesota;  David  A.  Levinthal ,  Florida  State 
University;  ftewart  Loken,  Lawrence  Berkeley  Laboratory;  Frank  S-  Merrltt, 
University  of  Chicago,  Neville  W,  Rcay,  Ohio  State  University;  Carol  Wllklnaon. 
University  of  Wisconsin;  Kenneth  Ki  Young,  University  of  Washington 


Fermilab  Users  Executive  Committee 


955 


Acknowledgements 


Front  cover  painting  and  pago  48  Illustration:  Angela  Gonzales. 
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engraving.  AKademie,  Vlen. 


With  Newton's  discovery  of  the  universality  of  grsvlty  csme  the  reallta- 
tlon  that  In  our  laboratories  we  can  study,  measure,  snd  quantify  the  force 
responsible  for  the  movements  of  the  celestial  bodies,  snd  gsln  knowledge  and 
understanding  In  an  area  that  waa  thought  to  be  forever  outaide  the  reals  of 
human  comprehension.  Today,  In  collisions  of  particles  st  high-energy  sccel- 
erstors,  we  sre  able  to  create  condltlona  of  energy,  temperature,  and  preeeura 
that  are  almllar  to  the  condl.lona  obtained  In  the  earlleat  moments  of  the  big 
bang.  Aa  we  explore  physics  at  higher  energies  we  are  able  to  explore  the 
Universe  at  times  cloaer  to  the  moment  of  the  big  bang.  The  underatandlng  of 
the  behavior  of  matter  under  extreme  condltlona,  and  the  knowledge  of  the 
fundamental  constituents  of  matter  allow  us  to  understsnd  the  Universe  ss 
esrly  aa  10" 12  aeconda  after  the  bang.  Theoretical  apeculatlon  allowa  ua  to 
make  an  outrageous  extrapolation  of  our  underatandlng  of  the  Unlverae  back  to 
the  time  of  the  big  bang  ltaelf.  We  preaent  the  "History  of  the  Unlverae**  aa 
It  reflecta  our  preaent  uuuerstsndlng.  Physicists  of  the  22nd  century  will  no 
doubt  look  upon  our  "History  of  the  Universe"  with  the  same  amusement  with 
which  we  look  upon  aatronomlcal  texta  of  the  18th  century.  We  only  hope  that 
they  aee  boldness  snd  Imagination  In  our  attempts  to  study  the  origin  of  the 
Universe  snd  to  bring  Into  the  reslm  of  human  underatandlng  yet  another  area 
once  thought  to  be  beyond  our  grasp. 


Bsck  cover:  "History  of  the  Universe."  Ferrallab. 


The  History  of  the  Universe 


-e.  Kolb 
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X.  DIRECTOR'S  STATEMENT 

A.  Introduction 

This  Institutional  Plan  is  an  attempt  to  describe  research  in  which  SLAC 
will  be  engaged  during  the  period  from  1986  to  about  1990,  the  facilities  that 
will  be  used  to  carry  out  that  research,  and  the  resources  that  will  be  needed  to 
support  the  program.  As  might  be  expected  in  a  field  that  continues  to  evolve 
very  rapidly,  our  plans  for  the  latter  part  of  the  projected  period  are  subject  to  a 
good  deal  of  uncertainty.  The  SLAC  program  will  continue  to  be  guided  by  new 
physics  results  worldwide. 

B.  Overview 

(l)  Program.  During  the  past  decade  the  primary  focus  at  SLAC  has 
gradually  shifted  from  fixed-target  experiments  to  experiments  that  make  use  of 
colliding  i  tams  of  electrons  and  positrons.  This  shift  is  expected  to  continue  with 
the  advent  of  the  SLC.  This  shift  has  been  driven  not  only  by  scientific  judgment 
but  also  by  budgetary  constraints.  Much  interesting  physics  remains  to  be  done  in 
areas  of  in  ■  ligation  that  have  been  severely  curtailed  or  entirely  abandoned  for 
largely  budgetary  reasons.  The  3LAC  physics  program  is  addressed  in  some  detail 
in  Section  JV  of  this  Plan,  which  also  includes  a  description  of  SLAC's  research 
and  development  activities  in  the  fields  of  detector  and  accelerator  technology. 

Construction  of  the  SLAC  Linear  Collider  (SLC)  has  advanced  in  a  satisfac- 
tory manner,  and  progress  continues  to  be  compatible  with  its  planned  comple- 
tion date  of  late  1986.  The  SLC  serves  the  dual  objective  of  pioneering  a  new 
electron-positron  collider  technology  while  at  the  same  time  providing  access  to 
the  100  GeV  center-of-mass  energy  region  where  the  highly  productive  physics 
of  the  Z°  intermediate  boson  will  be  studied.  It  is  anticipated  that  in  1989  the 
European  machine  LEP  will  enter  operation  with  an  initial  complement  of  four 
detectors.  SLC  will  continue  to  support  viable  physics  research  at  its  single  in- 
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teraction  point  in  the  LEP  era  because  it  offers  singular  opportunities  based  on 
polarized  beams,  the  possibility  of  electron-electron  collisions,  and  the  possib'»i;ty 
of  observations  close-in  to  the  interaction  point  which  are  not  available  at  LEP. 

Given  these  prospects  for  the  SLC,  and  the  fact  that  a  great  deal  of  important 
research  remains  to  be  done  with  the  existing  PEP  and  SPEAR  storage  rings  at 
SLAC,  we  have  made  the  following  major  program  assumptions  for  the  period 
from  1986  to  1990: 

(a)  The  SLC  will  begin  operating  in  FY1987  and  will  continue  throughout 
the  period  of  this  projection. 

(b)  PEP  will  continue  operating  through  1990,  with  upgraded  performance 
expected  in  1986  or  1987.  (Note  that  the  comparable  German  machine  PE- 
TRA  will  cease  operating  for  reseaich  in  1986,  leaving  PEP  as  the  only  electron- 
positron  facility  in  t'ais  energy  range.) 

(c)  SPEAR  will  continue  operating  through  1990.  (Note  that  the  comparable 
BEPC  machine  in  the  Peoples  Republic  oi  China  is  scheduled  to  begin  operating 
in  1988.  The  long-term  future  of  SPEAR  will  be  reviewed  at  that  time.) 

(d)  Beginning  in  F  Y1987,  the  operating  schedule  of  the  SLC  will  be  650  shifts 
annually.  SLAC  itself  will  operate  800  shifts  annually,  with  the  additional  shifts 
devoted  to  nuclear  physics  research,  SPEAR  operation  including  synchrotron 
radiation  research,  and  possibly  to  PEP  operation  for  synchrotron  radiation  re- 
search or  special  high  energy  physics  experiments. 

(e)  The  remodeled  Mark  II  detector  will  be  available  for  SLC  physics  early  in 
1987.  The  new  SLD  detector  will  provide  enhanced  experimental  opportunities 
at  the  SLC  after  its  completion  in  1989. 

(f )  Advanced  Accelerator  R  k  D  at  SLAC  will  receive  increased  emphasis  in 
1987  as  scientific  staff  becomes  available  after  completion  of  the  SLC. 

(2)  Scientific  Staffing  and  Use  of  the  SLAC  Facilities.  The  total  number  of 
experimental  physicists  active  in  U.S.  hiph  energy  physics  continues  at  a  level  of 
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approximately  1100,  and  we  vio  not  foresee  a  iignificant  change  in  this  number 
during  the  period  of  this  projection.  Opportunities  for  high  energy  physics  data 
collection  in  the  U.S.  continue  to  be  divided  among  work  at  Brookhaven,  Fermi- 
lab,  Cornell  and  SLAC,  in  addition  to  activities  not  using  accelerators.  During 
the  period  covered  by  this  plan  there  is  some  uncertainty  about  the  level  of  work 
at  Brookhaven.  The  work  at  Cornell  involves  a  relatively  small  number  of  physi- 
cists. Fermilab  is  resuming  an  active  particle  physics  program  usin^  the  newly 
completed  Tev  II  and  Tev  I  facilities,  but  a  large  backlog  of  experiments  is  now 
in  the  queue.  As  a  result  of  this  national  pattern,  as  well  as  the  opportunities 
at  SLAC,  we  envisage  a  substantial  growth  in  the  number  of  physicists  active  in 
the  SLAC  experimental  program. 

Consistent  with  the  recommendations  of  SLAC's  Scientific  Policy  Committee, 
the  number  of  SLAC  and  other  Stanford  University  experimental  physicists  will 
be  permitted  to  increase  from  the  current  number  of  1L  full-time  equivalents 
to  about  80  by  1986  (the  total  number  of  individuals  imolved  will  approach 
100).  At  the  same  time,  a  survey  of  the  experimental  opportunities  and  needs 
in  1986  indicates  that  a  tc'al  of  about  580  experiments  lists  will  be  active  at 
SLAC.  Of  these,  perhaps  75  will  come  from  foreign  countries.  We  anticipate  that 
this  increase  in  user  population  will  intensify  our  already  severe  space  and  other 
support  problems. 

Principally  because  of  the  increased  load  imposed  by  the  SLC,  we  anticipate 
that  our  total  regular  personnel  will  grow  by  about  15%  during  the  projection 
period.  We  will  adjust  this  growth  so  that  it  matches  our  total  needs  after  com- 
pletion of  *he  SLC.  We  are  accommodating  the  peak  personnel  load  during  the 
construction  period  through  a  combination  of  temporary  employees  and  subcon- 
tracts. We  also  expect  to  continue  the  practice  of  using  temporary  employees 
during  the  summer  construction  periods. 

(3)  Funding  Pattern.  The  staffing  projections  discussed  here  are  consistent 
with  the  funding  pattern  we  experienced  in  the  past  as  we  added  new  facilities  to 
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SLAC.  As  shown  in  Figure  M,  our  recurrent  funding  pattern  measured  in  fixed 
purchasing  power  dollars  had  a  steady  decrease  from  the  beginning  of  operation 
in  1967  until  1975.  U  then  leveled  off  throughout  the  construction  period  of  PEP 
and  reached  a  plateau  approximately  15%  higher  after  PEP  was  completed. 

A  summary  projection  of  SLAC  baseline  funding  through  FY1990  is  provided 
in  Table  M. 

(a)  Operations:  The  President's  Budget  for  FY1986  fails  to  cover  inflation 
and  is  therefore  not  adequate  to  carry  out  planned  high  energy  physics  programs 
at  SLAC.  The  Baseline  Projection  assumes  that  from  FY 1987  on  SLAC  will 
receive  financial  support  adequate  to  maintain  a  balanced  high  energy  physics 
research  program,  including  an  appropriate  level  of  investment  in  the  future  in 
the  form  of  advanced  accelerator  and  detector  R&D. 

Power  rates  have  very  large  leverage  on  our  future.  In  particular,  the  advent 
of  the  SLC  is  expected  to  increase  our  annual  power  consumption  from  its  cur- 
rent value  near  230,000  megawatt  hours  to  r  value  near  400,000.  The  financial 
implications  of  this  increased  consumption  depend  greatly  on  the  arrangements 
and  rates  that  wili  be  in  effect  beginning  in  1987,  both  from  the  private  utility 
and  from  the  Western  Area  Power  Administration. 

(b)  Capital  Equipment:  Our  capital  equipment  needs  can  be  divided  into 
two  categories: 

(1)  Perennial  Equipment  Needs:  We  must  provide  for  a  base  level  of  genera! 
laboratory  equipment,  typically  $  3  million  annually.  Another  $  3  million  to  $  4 
million  is  required  for  improvements  to  existing  detectors  and  for  replacement  of 
equipment  required  by  the  laboratory's  program  of  scientific  inquiry. 

(2)  Major  Acquisitions:  The  requirements  of  the  SLC  detector  program 
impose  extraordinary  pressure  on  SLAC  equipment  resources  through  FY1989: 
Mark  II  is  being  renovated  for  relocation  to  SLC  at  a  total  cost  of  $  11  million 
($  9.3  million  of  which  is  an  expenditure  of  FY1984  or  later);  and  the  SLD  has 
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Table  1-1 

LABORATORY  SUMMARY 
Baseline  Program 

FUNDING 


(5  in  Mi  1) <ons) 

FY1983 

FYW 

FY1985 

FY1986 

Total  Operating 

77.6 

74.0 

79.5 

83.1 

Capital  Equipment 

7.0 

8.0 

9.5 

11.3 

Construct  ion 

3.3 

35.:- 

65.5 

27.4 

Total  for  Laboratory 

87.9 

117.2 

154.5 

121.8 

PERSONNEL 

(Personnel  in  FTE), 

Direct  Personnel 

944 

1005 

1098 

1190 

Indirect  Personnel 

349 

333 

327 

340 

Total  Laboratory  Personnel  1293 

1338 

1425 

1530 

1)    FY1983-FY1985  actual 

funding  In 

then  year 

dol lars • 

2)    FY1986  funding  from 

Pros  ident  's 

Budget 

3)    FY1987-FY1990  estimated  funding  in  constant  FYl98f  dollars. 
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FY1987  FY  1988 

109.6  117.4 

27.8  26.5 

4.7  4.7 

142.1  1*8.6 

1200  1200 

340  340 

1540  1540 


FY1989  FY1990 

131.1  140.2 

19.8  11.4 

4.7   4.2 

155.6  156.3 

On 

1200  1200 

340  340 

1540  1540 
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a  price  tag  of  approximately  I  56  million  including  approximately  t  6  million  of 
non-SLAC  funds. 

The  SLAC  computer  will  once  again  be  saturated  by  the  time  the  SLC  be- 
comes operational,  and  it  will  be  necessary  to  procure  a  replacement  at  an  esti- 
mated cost  of  $  7.5  million. 

The  SLAC  telephone  system  is  archaic  and  simply  Jim  to  be  replaced  soon. 
The  cost  of  replacement  will  be  approximately  $  3  million  (in  FY1985  dollars), 
probably  incurred  during  FY1986.  Both  the  computer  and  telephone  acquisitions 
may  have  to  be  lease/purchase  arrangements. 

SLAC's  projected  equipment  needs  are  summarised  in  Table  1-2. 

(c)  Line  Item  Construction  Projects:  The  major  SLAC  construction  project 
fo;  the  period  of  this  plan  is  the  SLAC  Linear  Collider.  This  project,  with  a  total 
estimated  coat  of  $  113  million,  is  a  prominent  fenture  of  the  nation's  particle 
physics  program,  and  will  produce  e+e~  collisions  in  the  100  GeV  range. 

(d)  Space  Needs:  As  stated  in  the  section  on  scientific  staffing  above,  the 
laboratory  anticipates  a  substantial  increase  in  resident  stafT  and  visiting  scien- 
tists. We  currently  have  urgent  need  for  more  office  and  !ight  laboratory  space, 
and  the  expected  increase  in  population  will  aggravate  that  condition.  The  labo- 
ratory projects  a  shortfall  of  53,000  square  feet  of  office  and  light  laboratory  space 
by  KY1989.  An  earlier  proposal  for  a  Central  Laboratory  Expansion  would  have 
provided  nearly  75%  of  this  requirement,  at  a  cost  in  FY1984  dollars  of  $  5.4 
million.  We  have  not,  however,  been  encouraged  about  the  prospects  of  this 
proposal,  and  it  will  not  be  re-submitted.  Nevertheless,  laboratory  management 
considers  the  space  problem  to  be  quite  critical,  and  we  have  decided  to  relieve 
our  overcrowding  with  a  series  of  GPP  Projects  that  will  satisfy  at  least  part  of 
this  need  by  1990.  This  is  done  with  great  reluctance:  there  continue  to  exist  a 
queue  of  unsatisfied  general  plant  improvements  that  have  been  deferred  because 
of  space  needs. 
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Table  1-2 

SLAC  HEP  EQUIPMENT  FUND1NC 

Mlnlsua  Needs  Showing 
SLD  to  1989  focpletion 
(In  Thousands  of  Dollars) 


FY1985 

FY1986 

FY1987 

FY1988 

FY1989 

FSfl990 

Experlaental  Detectors 
other  than  SLD 

4.300 

3.300 

3.600 

1 .800 

5.500 

5.500 

M*rk  II 

3.300 

2,100 

1.000 

300 

— 

PEP  &  SPEAR  Detectors 

1.000 

1.200 

2.200 

500 

500 

500 

Other  Physics  Initiatives 

-- 

— 

400 

1.000 

5.000 

5.000 

Accelerator  &  Facilities 

1.50;. 

2.100 

5.300 

2.300 

1 .600 

1.600 

PEP  Luminosity  Upgrade 

500 

500 

2.200 

Minor  Hods  &  lap. 

250 

1.800 

800 

800 

800 

DLL    yii  c    r  OSpiclIOIl/ 

500 

SLC  Ceneral 

600 

400 

SLC  Polarization  Project 

1.300 

i  .000 

SLC  Shielding 

1.000 

AARD 

250 

500 

800 

800 

Cooputlng 

500 

 500 

 900 

800 

800 

800 

Ceneral  Laboratory 

1 ,500 

1  .400 

2.100 

3.000 

3.000 

3,000 

Subtotal 

7,800 

7.300 

11,900 

7.400 

10.900 

10.900 

Desired  SLD 

1.700 

4.000 

14.70P 

17.900 

8.000 

0 

Total  with 

9 . 500 

11.300 

26^.600 

2^.500 

18.900 

10.900 

SLD  Fundi  >g 
Kotis 

1)  No  provision  for  large  CPU  acqulst'lon  or  telephone  systea  upgrade. 

2)  Miniaua  estimates  lor  new  physir  itlatlves. 

3)  Minlaua  estlnates  for  PEP  detec        (presuaed  TPC  and  HPS  upgrades  or  retrofits). 

4)  Hlnlaua  estiaate  for  general  laboratory  needs. 

5)  FY1985  actual  funding  In  then  year  dollars. 

6)  FY1986  froa  President's  Budget. 

7)  ni987-ni990  In  constant  ^85  dollars. 
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O.  LABORATORY  MISSION 


The  Stanford  Linear  Accelerator  Center  m  dedicated  to  research  in  high  en- 
ergy particle  physics  and  to  the  development  of  new  techniques  in  high  energy 
accelerators  and  experimental  apparatus.  The  center  is  operated  as  a  national 
facility  so  that  scientists  from  universities  and  research  centers  throughout  the 
world  may  participate  in  the  high  energy  research  program. 

The  mission  of  SLAC  can  be  summarized  as  follows: 

1.  To  provide  accelerator  facilities  to  carry  out  experimental  research  in  high 
energy  physics. 

2.  To  provide  detection  devices  to  exploit  the  accelerator  facilities. 

3.  To  provide  the  necessary  support  for  groups  of  physicists  from  SLAC  and 
from  other  institutions  to  carry  out  experiments. 

4.  To  carry  out  experimental  and  theoretical  research  in  high  energy  physics. 

5.  To  develop  new  detection  techniques  in  order  to  allow  new  kinds  of  exper- 
iments to  be  done. 

6.  To  develop,  through  accelerator  R&D,  methods  to  improve  the  capabili- 
ties of  existing  accelerators  at  SLAC  and  elsewhere. 

7.  To  develop,  through  advanced  accelerator  R&D,  the  conceptual  frame- 
work and  technology  needed  to  make  very  high  energy  electron-positron  colliders 
practical  and  cost-effective. 

6.  To  assist  scientists  in  other  disciplines  to  exploit  special  opportunities  that 
may  arise  from  our  high  energy  physics  facilities. 
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m,  MAJOR  LABORATORY  ISSUES 


There  are  four  pervasive  issues  currently  confronting  thb  laboratory  that 
merit  exposition  in  this  section  of  the  Institutional  Plan.  Taken  in  their  general 
order  of  immediacy  to  current  program  management,  they  are: 

(1)  The  level  and  balance  of  funding  available  for  program  support; 

(2)  Availability  of  space  to  house  the  SLAC  staff  and  user  community; 

(3)  The  future  availability  and  cost  of  electrical  power  to  conduct  a  vigorous 
experimental  program;  and 

(4)  Whether  or  not  the  laboratory  should  embrace  other  programs  of  sub- 
stantial size  in  addition  to  high  energy  physics. 

A.  Funding  Issues 

In  many  respects,  of  course,  the  other  issues  are  specific  subsets  of  the  broad 
funding  issue,  since  most  of  the  concerns  associated  with  each  of  the  others 
would  be  obviated  by  the  availability  of  unlimited  funds.  We  choose,  however, 
to  acknowledge  that  an  existence  unconstrained  by  funding  limitations  is  highly 
improbable,  and  to  address  the  issues  as  if  each  were  independent  of  the  others. 

On  the  one  hand,  the  number  of  centers  for  particle  physics  research  is  small, 
and  opportunities  for  the  practitioners  of  the  art  are  therefore  rather  limited. 
And  yet,  even  those  few  accelerators  that  support  this  research  are  dramatically 
underutilized,  depressing  the  productivity  of  the  nation's  physics  throughput. 
And  the  physics  done  is,  of  course,  the  real  payback  on  the  huge  investment.  It 
is  clear  that  the  laboratories  need  an  increase  in  operating  support. 

On  the  other  hand,  however,  the  goal  of  high  energy  physics  is  to  extend  the 
frontiers  of  knowledge,  and  some  would  assert  that  a  policy  which  emphasizes  ex* 
pioitation  of  existing  resources  to  the  disadvantage  of  innovative  new  investment 
is  a  decision  for  a  terminal  program.  A  najor  problem  is  that  as  the  frontiers  of 
research  move  to  ever  higher  energies,  the  investment  required  to  reach  the  next 
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energy  plateau  increases.  Furthermore,  the  detectors  now  required  to  do  compet- 
itive physics  begin  to  approach  the  particle  accelerators  themselves  in  complexity 
and  cost.  Juxtaposing  the  cost  of  a  large  particle  detector  upon  the  cost  of  an 
accelerator  construction  project  (they  must  both  be  available  at  approximately 
the  same  time  in  order  to  do  physics)  produces  a  major  bump  in  a  laboratory's 
funding  profile,  and  offends  the  senses  of  those  who  feel  that  support  of  the  field 
should  approximate  a  smooth  continuum.  The  major  issue  facing  SLAC  then, 
is  how  to  strike  a  proper  balance  between  exploitation  of  existing  facilities  and 
development  of  new  ones.  It  has  not  been  adequately  resolved. 

Total  SLAC  resources  by  program  are  summarized  m  T*b!e  01-1. 

B.  Light  Laboratory  and  Office  Space 

An  insufficiency  of  light  laboratory  and  office  space  to  house  the  SLAC  staff 
and  resident  user  community  has  been  a  chronic  problem  in  recent  years.  The 
SLAC  staff  continues  to  grow  at  approximately  2  to  4  %  annually,  and  the  user 
community  has  nearly  tripled  since  1978  without  a  commensurate  increase  in 
support  space.  Section  V.B  addresses  this  issue  in  some  detail  and  outlines  the 
strategy  adopted  to  deal  with  the  problem. 

C.  Electrical  Power 

SLAC  draws  its  electrical  energy  from  two  soi  ~ces.  The  first  45.3  megawatts 
of  instantaneous  demand  is  supplied  by  the  Western  Area  Power  Administration 
at  an  average  cost  of  approximately  2  cents  per  kilowatt-hour  and  any  demand 
beyond  that  level  is  supplied  by  Pacific  Gas  and  Electric  Company  at  an  av- 
erage cost  of  approximately  6  cents  per  kilowatt-hour.  There  is  obviously  an 
incentive  for  SLAC  to  manage  its  operation*.  *uch  that  PG  &  E  power  usage 
is  minimized.  Load  management  is  complicated,  however,  by  a  rathet  complex 
(and  clumsy)  WAPA  load  shedding  procedure  during  peak  load  periods,  and  will 
become  more  difficult  in  the  not  too  distant  future  when  SLC  operations  will 
routinely  push  SLAC  demand  above  the  PG  &  E  threshhold.  We  are,  needless  to 
say,  keenly  interested  in  any  potential  increase  in  our  WAPA  power  allocation, 
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Table  IU-1 


RESOURCES  BY  PROGRAM 
(In  Millions  of  Dollars) 


FY1983 

FY1984 

FY  1985 

FY  1986 

r 1 1  jo  I 

PYl Qfifi 

r  1 1 700 

FY  1 ^89 

fY1990 

Progr^n  Name 

Operating 

High  Energy  Physics 

77.6 

73.9 

78.4 

81.6 

107. 2 

197  S 

1  L  1  •  J 

136. 3 

Nuclear  Physics 

0 

0.1 

1.1 

1.5 

2.4 

2.9 

3.6 

3.9 

Total  Operating 

77.6 

74.0 

79.5 

83.1 

109.6 

117.4 

131.1 

140.2 

Capital  Equipment 

7.0 

8.0 

3.5 

11.3 

27.8 

26.5 

19.8 

11.4 

Const  rue  t  ion 

3.3 

35.2 

65.5 

27.4 

4.7 

4.7 

4.7 

4.7 

Total  for  Program 

87.9 

117.2 

154.5 

121.8 

142.1 

148.6 

155.6 

156.3 

Direct  Personnel 

944 

1005 

1093 

1190 

1200 

1200 

1200 

1200 

--4 


1)  FY1983-FY1985  actual  funding  in  then  year  dollars. 

2)  FY19R6  funding  from  President's  Budget. 

3)  FY1987-FYJ990  estimated  funding  in  constant  FY1986  dollars. 
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and  we  are  strongly  supportive  of  the  proposed  Pacific  Tieline  interconnect  to 
take  advantage  of  some  of  the  excess  capacity  of  the  Bonneville  system.  SLAC 
energy  consumption  and  related  issues  are  dealt  with  in  more  detail  in  Section 
V.D. 

D.  Primary  Programs  Other  TAan  High  Energy  Physics 

Since  its  inception,  SLAC  has  been  a  single-function  laboratory  dedicated  en- 
tirely to  high  energy  particle  physics.  At  various  times  questions  have  arisen  as  to 
whether  this  status  should  continue.  For  example,  the  issue  was  raised  whether 
SLAC,  in  view  of  its  specialized  facilities  and  experienced  stafT,  could  serve  parts 
of  the  national  applied  energy  program.  After  extensive  discussion,  the  decision 
was  reached  that  SLAC  should  undertake  non-high  energy  physics  work  only 
where  it  could  be  of  assistance,  based  on  its  specialized  resources,  to  specific 
outside  projects  on  a  "work  for  other**  basis,  but  that  it  would  not  take  inde- 
pendent responsibility  for  any  areas  of  science  and  te-Jmology  outside  the  high 
energy  particle  physics  area.  The  matter  arose  again  in  the  early  1970's  when 
the  copious  production  of  synchrotron  radiation  from  the  storage  ring  SPEAR 
provided  a  unique  national  opportunity  for  the  utilization  of  that  radiation,  both 
in  the  ultra-violet  and  x-ray  regions.  It  was  then  decided  to  establish  the  Stan- 
ford Synchrotron  Radiation  Laboratory  (SSRL)  »*  ^  independent  entity  within 
Stanford  University,  originally  under  contract  to  the  National  Science  Founda- 
tion. SLAC  retained  its  single-function  status  at  that  time  under  an  agreement 
involving  the  government  agencies  concerned  and  SSRL.  It  was  agreed  that  SLAC 
wculd  supply  certain  services  on  a  reimbursable  basis  and  that  initial  operation 
of  SSRL  would  be  purely  parasitic,  that  is,  incidental  to  the  operations  of  SPEAR 
for  high  energy  physics.  Subsequently,  an  agreement  was  reached  for  one-half  of 
the  operation  of  SPEAR  to  be  dedicated  specifically  to  synchrotron  radiation  use 
by  SSRL,  wh 'le  parasitic  use  could  continue  during  the  other  half.  This  arrange- 
ment is  still  in  force.  SSRL  is  also  planning  to  construct  an  access  tunnel  to  a 
port  of  the  PEP  storage  ring  to  explore  the  possibility  of  synchrotron  radiation 
research  using  that  machine. 
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The  single-function  status  of  SLAC  has  served  the  laboratory  and  the  scien- 
tific community  well,  and  we  believe  it  has  also  been  to  the  overall  advantage 
of  the  government.  It  makes  possible  simplified  organization  and  management, 
and  it  avoids  unnecessary  layers  of  review  within  the  organizational  structure  of 
SLAC  by  individuals  not  familiar  with  the  technical  content.  The  program  re- 
sponsibility is  held  within  a  single  division  of  DOE,  and  the  fundamental  mission 
of  the  laboratory  remains  unambiguous.  These  advantages  notwithstanding,  the 
recent  expansion  plans  of  SSRL  again  raised  the  question  of  the  single-function 
future  of  SLAC.  This  matter  is  under  review,  but  even  if  a  change  were  made,  it 
woul  \  have  minimal  implications  on  the  high  energy  physics  program  projections. 

Aside  from  the  SSRL  issue,  a  new  ncn-high  energy  physics  program  was  ini- 
tiated during  1984.  This  program  is  based  on  the  utilization  of  the  spectrometers 
and  associated  equipment  currently  located  in  End  Station  A  with  a  lower  energy 
beam  (up  to  6  GeV)  produced  by  a  new  off-axis  injector  located  about  400  meters 
from  the  end  of  the  two-mile  accelerator.  This  low  energy  beam  can  be  operated 
at  much  lower  cost  than  is  involved  in  operating  the  entire  accelerator.  Accord- 
ingly, it  will  also  be  possible  to  make  this  low  energy  beam  available  during  the 
summer  months  when  usually,  owing  to  the  high  electrical  summer  demand  in 
the  state  of  California,  the  laboratory  does  not  operate  its  major  facilities.  The 
low  energy  beam  can  serve  not  only  the  nuclear  structure  program  but  can  also 
be  used  to  fill  the  storage  ring  SPEAR,  thereby  increasing  the  total  amount  of 
time  available  for  SSRL  and  HEP  research.  Since  the  scale  of  operation  of  the 
nuclear  physics  activity  is  intended  by  the  DOE  to  remain  small,  no  significant 
organizational  changes  are  contemplated.  Funding  will  be  provided  through  the 
Nuclear  Physics  Program  of  DOE.  Program  decisions  among  competing  propos- 
als for  use  of  the  End  Station  A  facilities  for  nuclear  physics  will  be  made  with 
the  advice  of  a  separate  committee  that  is  expert  in  that  field  and  which  reports 
to  SLAC*s  Associate  Director,  Research  Division.  We  note  that  there  are  consid- 
erable uncertainties  in  forecasting  the  total  demand  for  this  new  nuclear  physics 
facility  during  this  projection  period.  There  is  a  sharp  increase  of  interest  within 


14 


ERIC 


974 


the  nuclear  physics  community  in  high  energy  electron  scattering  on  nuclei.  The 
interest  is  accentuated  by  the  proposed  construction  of  a  4  GEV,  unity-duty-cycle 
electron  accelerator  dedicated  to  nuclear  physics  research  elsewhere  in  the  United 
States.  Since  the  time  of  construction  of  that  facility  would  span  the  entire  period 
of  this  projection,  it  is  possible  that  the  growing  community  intending  to  use  the 
new  facility  may  on  an  interim  basis  generate  intense  demands  on  the  much  more 
limited,  low-duty-cycle  facility  at  SLAC.  However,  since  the  total  time  available 
on  this  facility  remains  limited,  we  are  not  projecting  any  larger  expansion  of  the 
nuclear  physics  program  throughout  this  projection  period. 
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IV.  SCIENTIFIC  PROGRAM  AT  SLAC 


Particle  Physics  at  SLAC 


The  Particle  Physics  Program  at  SLAC  is  based  on  four  accelerator  facilities. 
These  are: 

1.  The  two-mile  linac,  which  is  used  for  fixed-target  experiments  and  the  pro- 
duction of  test  beams. 

2.  The  200-meter  circumference  SPEAR  storage  ring,  which  is  used  for  exper- 
imental studies  of  electron-positron  collisions  up  to  7.4  GeV  in  the  center- 
of-mass. 

3.  The  2.3-km  circumference  PEP  storage  ring,  which  is  used  for  experimental 
studies  of  electron-positron  collisions  up  to  35  GeV  in  the  center-of-mass. 

4.  The  SLAC  Linear  Collider  (SLC),  which  will  be  used  for  electron-positron 
annihilation  experiments  up  to  100  GeV  in  the  center-of-mass. 

The  linac  is  the  oldest  of  the  SLAC  accelerator  facilities.  Experimental  op- 
eration began  in  1966  at  an  energy  of  about  16  GeV.  The  maximum  energy 
capability  of  the  linac  has  increase  over  the  years  and  is  now  32  GeV.  As  part  of 
the  SLC  construction  project  the  maximum  energy  of  the  linac  will  be  increased 
to  50  GeV.  The  linac  is  not  heavily  used  for  particle  physics  experiments  at  the 
present  time.  The  presently  accessible  energy  region  has  been  well  explored, 
and  while  there  are  still  specialized  high  energy  physics  experiments  that  use  it 
(about  one  per  year),  its  primary  function  is  to  supply  test  beams  for  apparatus 
development  and  to  serve  us  an  injector  into  our  storage  rings.  Recently  a  new 
injector  has  been  added  to  the  linac  at  about  the  80  percent  point,  and  with  this 
new  injector  high-intensity,  low  energy  beams  can  be  obtained  for  use  in  nuclear 
structure  experiments.  The  linac  program  may  become  more  active  when  50  GeV 
beams  are  available. 
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The  SPEAR  storage  ring  began  operation  In  1972  with  a  maximum  center- 
of-mass  energy  of  5  GeV.  It  was  soon  upgraded  to  allow  it  to  reach  energies  of  7.4 
GeV  and  has  recently  been  further  improved  to  increase  the  maximum  available 
luminosity.  Half  of  the  running  time  of  a  SPEAR  storage  ring  is  devoted  to 
high-intensity  single  electron  beams  for  the  production  of  x-rays  to  be  used  by 
the  SSRL  program. 

The  PEP  storage  ring  began  operation  in  1980  and  currently  serves  five  major 
experiments.  Its  maximum  center-of-mass  energy  is  35  GeV,  but  operations  have 
been  concentrated  at  29  GeV,  its  maximum  luminosity  point,  aince  its  turnon. 
Design  studies  are  underway  to  make  a  significant  improvement  in  the  luminosity 
of  this  machine.  A  single  beam  port  to  allow  synchrotron  radiation  studies  on  a 
parasitic  basis  will  be  available  begining  in  1986. 

The  SLAC  Linear  Collider  (SLC)  is  a  new  type  of  colliding-beam  facility. 
The  linear  collider  technique  appears  to  have  the  potential  to  be  extended  in 
future  machines  to  very  much  higher  energies  at  considerably  lower  cost  than 
the  storage  ring  technique  which  has  been  used  up  to  now  for  electron-positron 
colliding-beam  studies.  The  SLC  will  be  completed  at  the  end  of  1986,  and 
we  expect  experimental  use  to  begin  in  the  spring  of  1987.  The  experimental 
program  will  initially  concentrate  on  studies  of  the  Z°  region. 

In  Section  A  below  we  discuss  the  physics  associated  with  tta  Z°  energy 
range  to  be  studied  using  the  SLAC  Linear  Collider.  Sections  B  and  C  review, 
respectively,  the  physics  associated  with  the  PEP  and  SPEAR  energy  ranges.  In 
Section  D  we  look  ahead  briefly  to  the  physics  that  could  be  done  with  electron- 
positron  linear  colliders  in  the  TeV  energy  range.  We  do  this  because  the  desire  to 
develop  the  accelerator  technology  to  reach  this  energy  is  part  of  the  motivation 
of  building  the  SLC,  and  is  the  impetus  for  other  accelerator  physics  research  at 
SLAC. 

In  Section  E  we  describe  a  potential  particle-physics  program  that  would 
use  the  direct  electron  beam  and  fixed  targets,  and  the  nuclear-physics  program 
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thai  uses  a  new  injector  in  addition  to  existing  fixed-target  facilities.  Finally,  in 
Section  F,  we  briefly  describe  the  activities  of  the  Theoretical  Physics  Group  at 
SLAC. 

A.  Physics  with  tht  SLAC  Linear  Co/wW 

The  SLAC  Linear  Collider  (SLC)  will  operate  at  center-of-mass  energies, up 
to  100  GeV;  this  energy  could  eventually  be  increased  to  about  140  GeV  should 
the  prospective  physics  so  warrant.  In  this  section  we  describe  the  main  areas  of 
physics  interest  that  the  linear  collider  could  address. 

M  The  Z°  and  Its  Decay  Modes.  The  principal  goal  of  SLC  physics  is  the 
detailed  study  of  the  Z°  vector  boson,  the  neutral  carrier  of  the  weal<  interactions. 
The  existence  of  the  Z°  has  recently  been  established  in  an  experiment  at  the 
CERN  pp  collider,  and  its  mass  is  close  to  the  predicted  value  of  ~  95  GeV/c2.  It 
is  expected  that  the  Z°  will  be  copiously  produced  in  e+e"  annihilation.  Indeed, 
the  yield  of  multihadron  events  should  exhibit  an  enormous  peak  at  the  Z°  res- 
onance. The  hadron/electromagnetic  muon-pair  ratio  R  is  expected  to  increase 
from  a  value  around  5  at  present  energies  to  about  3000  at  the  Z°  mass. 

The  Z°  is  expected  to  decay  into  pairs  of  aJl  the  fundamental  leptons  and 
quarks  whose  masses  are  less  than  1/2  that  of  the  Z°: 

e+e"  MV,  r+r",  Wo  »rt>u  ... 

-+Z°  ->ufi,  di,  s3,  c?,  65,  ... 

Each  cross  section  is  proportional  to  (Vj  +  A)),  where  Vf  and  Aj  are  the  vector 
and  axial-vector  coupling  constants  for  the  Z°  -  /  -  /  vertex,  and  v>here  / 
represents  any  of  the  fundamental  fermions.  In  the  Weinberg-Salam  model  {Vf  + 
A))  is  of  order  one,  so  that  all  the  cross  sections  are  roughly  proportional  to 
the  available  phase  space.  The  resulting  large  sample  of  all  these  decays  allows 
detailed  studies  including  the  measurement  of  branching  fractions  and  the  angular 
distributions  of  the  charge  asymmetry.  Deviations  from  the  picdicted  universality 
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among  the  three  generations  of  quarks  and  leptons  would  point  to  a  problem  in 
the  standard  model.  Polarization-related  parameters  will  serve  to  separate  the 
Vj  and  Af  coupling  constants. 

(2)  Electro  weak  Interactions  at  Energies  Beyond  the  Z°.  The  behavior  of 
cross  sections  and  the  measurements  of  weak-electromagnetic  interference  in  the 
interesting  regions  beyond  the  Z°  will  be  an  important  test  of  the  ideas  that 
predict  unification  of  these  two  forces.  In  addition,  the  energies  above  the  Z° 
may  offer  the  best  promise  for  studying  new  phenomena  not  seen  in  Z°  decays. 

(3)  Hadrpnic  Processes.  The  Z°  is  a  prolific  source  of  quark-pairs  of  all 
flavors  that  are  not  too  massive  to  be  energeticdly  excluded.  Decays  of  the  Z° 
into  quark-antiquark  pairs  of  different  Savors  will  be  seen  through  fragmentation 
into  collimated  jets  of  hadrons.  The  multihadron  decays  should  be  a  particularly 
good  source  of  gluon  jets  radiated  from  the  primary  quarks,  and  should  allow 
a  thorough  study  of  the  QCD  properties  of  quarks  and  gluons.  Although  some 
QCD  predictions  will  be  tested  at  lower  energy  machines,  extension  of  these 
measurements  to  higher  energies  will  be  an  important  test  of  QCD  ideas.  For 
example,  scaling  violations  in  fragmentation  functions  and  broadening  in  3-jet 
events  should  be  pronounced  at  these  higher  energies. 

(4)  New  Phenomena.  An  often  considered  and  controversial  aspect  of  SU(2) 
x  U(l)  is  the  Higgs  boson.  The  conjectured  boson  (or  bosons)  is  responsible 
for  the  origin  of  mass  in  the  standard  model,  and  understanding  its  properties 
could  lead  to  a  fundamentally  important  understanding  of  the  mass  spectrum  of 
partic'  3.  If  light  enough,  Higgs  bosons  could  be  seen  in  the  decays  of  the  Z°  to 
the  iiggs  and  lepton  pairs,  for  example. 

There  are  already  hints  at  CERN  of  unexplained  physics  in  the  Z°  region 
consisting  of  events  with  a  high  energy  photon  and  large  missing  energy,  and 
"monojet"  events  with  unbalanced  transverse  momentum.  Such  unusual  events 
of  appropriate  energy  could  be  easier  to  study  in  the  quantity  and  with  the  clarity 
characteristic  of  an  electron- positron  collider. 
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Free  quarks  arc  often  discussed  as  a  possible  final  state  at  the  higher  energies. 
Heavy  lrptons,  neutral  as  well  is  charged,  or  any  new  particles  that  carry  weak 
charge,  may  also  exist  in  the  final  states.  Electron-positron  annihilation  is  the 
most  promising  method  to  search  for  such  dramatic  events.  The  most  important 
discoveries  may  well  come  from  a  list  of  effects  which  today  are  only  speculations 
or  are  unknown. 

(5)  Polarisation  Studies.  Neutral-current  processes  are  expected  to  exhibit 
large  polarization-dependent  effects.  Annihilation  of  longitudinal  polarised  elec- 
trons on  unpolarized  positrons  in  the  collider  will  permit  the  investigation  of  the 
full  set  of  spin-dependent  effects  and  allow  very  accurate  measurements  of  many 
neutral-current  parameters. 

Intense  beams  of  longitudinal  polarized  electrons  can  be  made  available  at 
SLAC,  and  the  SLC  is  designed  to  preserve  the  polarization.  Linac  beams  with 
polarizations  of  50%  have  already  been  used,  and  beams  of  higher  polarization 
are  a  good  future  prospect. 

Polarization  asymmetries  complement  the  branching  ratios  and  charge- 
asymmetry  measurements  for  the  different  lepton  and  quark  types.  The  accuracy 
of  sin2^  should  immediately  improve  an  order-of-magnitude  over  present  low 
energy  measurements  in  the  early  SLC  data,  and  the  polarization  information 
will  contribute  significantly  to  this  improvement.  As  data  accumulate  and  spe- 
cific decays  of  the  Z°  can  be  isolated,  measurement  of  the  vector  and  ar<ial  vector 
coupling  constants  for  the  different  quarks  and  leptons  should  provide  a  stringent 
test  of  SU(2)  x  U(l)  ideas. 

B.  P&rtkJt  Physics  Using  PEP 

PEP  is  designed  for  center-of-mass  energies  in  the  range  from  about  8  GeV  to 
36  GeV.  As  described  in  Section  VI,  the  luminosity  of  PEP  is  excellent,  and  plans 
are  now  being  formulated  for  improving  the  luminosity  to  even  higher  levels.  A 
very  broad  range  of  physics  is  now  being  carried  out  at  PEP,  and  we  can  only 
briefly  summarize  that  physics  here.  Experiments  at  PEP  and  PETRA  have 
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begun  to  exploie  this  broad  range  of  physics,  but  there  is  much  more  work  to  be 
done.  The  physics  we  summarize  below  is  not  only  that  now  being  done  at  PEP 
but  w  also  the  physics  that  will  be  available  in  future  years. 

(1)  Hadronic  Physics.    This  topic  itself  divides  up  into  several  areas  that 
are  bsing  intensively  pursued  at  PEP. 

(a)  General  hadronic  physics:  There  is  a  large  class  of  topi  s  that  do  not 
require  the  partition  of  the  multihadron  events  into  two-oi-three  jet  events.  These 
include  the  study  of  particle  yields  of  K's,  p%  A0,s,  D\  etc.  Some  of  this  work 
has  already  been  done  at  PEP  and  PETRA,  but  increased  statistics  are  necessary 
to  permit  studies  which  go  beyond  simple  particle-yield  cross  sections.  There  is 
strong  interest  in  the  mechanics  of  the  hadronization  process.  In  particular,  the 
study  of  long-  and  short-range  charge  and  flavor  correlations  is  being  pursued. 
Here  one  is  asking  whether  chaige  and /or  flavor  are  conserved  locally  within 
a  jet  (as  in  the  case  of  all  simulation  programs),  or  whether  the  conservation 
is  achieved  globally.  The  K^s,  K?%  A0,s,  f%  and  D's  are  particularly  useful 
for  flavor  studies,  whiu*  for  charge  correlations  all  charged  tracks  can  be  used. 
Another  example  of  ongoing  work  is  the  question  of  how  baryons  are  produced 
in  the  hadronization  chain.  What  hyperons  are  produced?  Are  decuplet  baryons 
suppressed?  Are  baryons  emitted  "first"  in  the  chain,  or  in  a  statistical  manner? 
Is  baryon  number  conserved  locally  or  globally?  Studies  are  also  continuing  in 
longitudinal-  and  transverse-momentum  structure  of  heavy  flavor  jets. 

(b)  Three-jet  physics:  While  ii^re  have  been  many  studies  of  three-jet 
events  at  PEP  and  PETRA  there  is  a  great  need  for  much  more  data  in  order  to 
understand  the  physics  of  these  events  in  detail  and  to  test  the  theory  of  quan- 
tum chromodynamics  (QCD)  in  model-independent  ways.  It  is  also  necessary  to 
develop  model-independent  methods  to  measure  a,  and  to  study  second-order 
perturbative  corrections.  For  example,  the  study  of  one  effect  of  second-order 
corrections,  namely  four-jet  events,  is  still  in  its  infancy. 

Large  data  sets  can  be  used  to  distinguish  between  string  models  and  inde- 
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pendent  fragmentation  models. 

(c)  Quark  and  gluon  jet  discrimination:  There  is  the  important  question  of 
whether  gluon  jeU  can  be  distinguished  from  quark  jets.  If  this  can  be  done  one 
wants  to  study  separately  the  properties  of  each  type  of  jet.  This  involves  the  use 
of  the  three-jet  events  and  the  study  of  the  multiplicity,  particle  yields  (flavor), 
*ad  (pt)(pl)  for  each  jet.  Statistically  the  softest  jet  is  50%  iluon-rich  according 
to  QCD  folklore.  This  is  a  crucial  issue  for  testing  the  gluon  self-coupling. 

\&)  Single  photons  and  jets:  Photons  can  be  produced  directly  in  hadronic 
final  states  by  either  initial-state  radiation  or  final-state  radiation.  Events  of  the 
type  $07,  where  the  7  is  radiated  from  one  of  the  quarks,  produce  3-jet  events 
where  the  third  jet  is  just  one  photon  and  v*  hus  easily  measured.  By  measuring 
the  gamma  energy  spectrum  and  angular  distribution,  one  can  use  these  events 
to  probe  the  final  state  fragmentation  and  test  for  factorisation. 

(2)  Physics  with  Secondary  Vertex  Detection.  Two  detectors  at  PEP,  MAC 
and  HRS,  now  have  secondary  vertex  detectors.  (The  Mark  II,  which  was  the  first 
to  use  such  a  device,  has  removed  their  system  in  order  to  test  other  components 
in  its  upgrading  program  for  the  collider.)  Their  programs  divide  naturally  into 
two  parts.  The  first  concentrates  on  well-defined  measurements,  namely  the  r 
lifetime,  the  D°  lifetime,  and  the  S-meson  lifetime.  These  are  briefly  discussed 
below.  The  second  part  of  this  program,  which  is  more  exploratory,  includes 
searching  for  events  with  separated  vertices,  developing  a  charm  and  bottom  tag 
by  looking  for  tracks  with  large  *ransverse  momenta,  and  hunting  for  invariant 
mass  bumps  in  events  with  displaced  vertices. 

(*)  Precision  measurement  of  the  r  lifetime;  The  r  lifetime  has  been  pre- 
viously determined  to  ±17%  statistics!  error,  confirming  our  understanding  of 
the  r  lepton  as  partaking  in  the  conventional  weak  interactions  in  spite  of  its 
relatively  large  mass.  Continuing  studies  should  reduce  this  error  to  ±5%,  and 
correspondingly  reduce  the  systematic  uncertainties  to  about  ±$%.  Note  th*t 
this  is  the  level  at  which  universality  "breaks  down"  in  the  quark  sector,  i.e., 
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sin2  Bc  » .05. 

(b)  Other  uses  of  secondary  vertex  detector*  As  an  example,  consider  the 
measurement  cf  the  impact  parameters  of  leptons  produced  in  semileptonic  B 
and  D  decays.  With  appropriate  cutt  on  the  lepton's  longitudinal  and  transverse 
momenta  (with  respect  to  the  jet  axis),  the  data  divides  into  B-enhanced  and 
iJ-enhanced  samples.  These  tagged  events  permit  the  study  of  heavy  quark 
lifetimes,  fragmentation  properties,  and  multiplicities.  Three  detectors  at  PEP 
have  used  this  technique  to  measure  the  lifetime  of  the  £- meson. 

(3)  Studies  of  B  Meson  Physics.  Hadronic  events  containing  leptons  are 
very  suitable  for  studying  some  properties  of  6  quark  production  and  decay.  The 
excellent  capability  of  the  PEP  detectors  for  identifying  electrons  and  muons  is 
yielding  interesting  results  in  several  areas  of  B  meson  and  6  quark  physics: 

(a)  Determination  of  the  neutral  weak  coupling  constants  for  b  quarks:  The 
e+e~  interaction  is  most  suitable  for  studying  the  coupling  of  e  and  6  quarks  to  the 
Z°.  (Neutrino-induced  neutral  current  reactions  are  better  for  u  and  d  quarks.) 
Although  the  6  quark  production  is  small,  the  forward-backward  asymmetry  is 
expected  to  be  relatively  large.  In  the  Weinberg-Salam  theory,  at  79  GeV,  the 
asymmetry  is  predicted  to  be  18%.  To  carry  out  such  a  measurement  one  needs 
to  determine  the  production  angle  of  the  quark  and  the  quark  flavor.  The  thrust 
or  sphericity  axis  gives  to  a  good  approximation  the  production  angle.  Good 
identification  of  leptons  yields  a  useful  method  for  identifying  the  6  quark  through 
its  semileptonic  decay  6  tuX  and  for  determining  which  jet  is  quark  and  which 
jet  is  antiquark.  We  can  expect  asymmetry  measurements  with  an  error  of  about 
7%.  The  vector  coupling  constant  of  6  could  also  in  principle  be  determined  from 
the  total  production  cross  section.  However,  this  is  a  more  difficult  task  because 
QCD  corrections  of  different  orders  contribute  to  that  cross  section.  This  work 
is  in  progress  and  needs  more  data. 

(b)  Weak  mixing:  Since  the  6  quark  decays  with  significant  probability  to 
the  c  quark,  the  semileptonic  decay  chain  of  6  and  c  starting  from  a  66  pair  yields 
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muHilepton  events.  The  probability  of  obtaining  two  or  more  charged  leptons 
depends  on  the  ratio  sin1/?/ sin1 7,  where  sin/?  measures  the  coupling  strength 
in  the  b  -*  u  transition,  and  sin  7  measures  the  ratio  of  the  coupling  strength  of 
6  e  compared  to  t  b.  Multilepton  events  lead  to  a  measurement  of  this  ratio 
and  also  provide  information  on  68  mixing. 

(c)  Features  of  the  fragmentation  function  of  the  b  quark;  PEP  detectors 
have  already  obtained  ucrful  measurements  of  Dh(Z)y  the  fragmentation  function 
of  the  6  quark.  They  used  the  electron  and  muon  momentum  spectra.  More 
extensive  and  better  information  will  allow  us  to  discriminate  among  different 
shapes  for  D>{Z),  and  thus  to  understand  in  detail  how  the  b  quark  produces 
hadronic  final  states.  Detailed  comparisons  of  fr-quark  eventt  with  light-quark 
events  probe  the  difference  between  the  fragmentation  of  heavy  and  light  quarks. 

(4)  Two-Photon  Physics.  The  two-virtual-photon  reactions 

7.  +7.-efe-    ,  ,    r+  +  r~    ,  hadrons 

are  attracting  growing  interest.  The  lepton-pair  reactions  offer  new  tests  of  QED 
and  of  the  point-particle  nature  and  propagator  of  the  r. 

The  reaction  leading  to  hadron  production  allows  measurement  of  the  total 
cross  section  —  hadrons,  single-particle  inclusive  distributions,  production 
of  exclusive  hadron  pairs  at  high  pr,  the  production  of  hadron  jets  by  photon- 
photon  reactions,  and  the  exclusive  production  of  resonances.  Deep-inelastic 
7e*  scattering  can  also  be  studied  given  a  sufficiently  large  acceptance.  These 
measurements  provide  tests  of  QCD.  Most  of  the  PEP  detectors  can  study  these 
processes  to  some  extent,  but  the  TPC/Two-Gamma  experiment  is  optimal  for 
this  work. 

The  studies  of  hadronic  final  states  cover  a  broad  range  of  physics  topics.  One 
example  is  the  search  for  two-photon  production  of  states  like  the  0(1650)  and 
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thet(1440)  that  have  been  observed  in  the  "glueball-favored"  prompt-photon  de- 
cay J/4>  *fX.  Gince  the  photon  couples  to  charge,  the  two-photon  production 
of  &  glueball  state  should  be  suppressed  relative  to  the  production  of  a  qQ  state 
with  similar  mass  and  quantum  numbers.  Measurements  of  the  T7-widths  of 
pseudoscalars  provide  a  sensitive  test  for  their  possible  glue  ball  content.  A  mea- 
surement of  the  rr-width  of  the  i?c  will  provide  a  significant  further  constraint 
on  models  of  the  charmonium  system.  Other  examples  are  the  study  of  ffffffff 
and  KK-k-k  production;  a  large  production  cross  section  at  and  above  threshold 
can  be  interpreted  as  evidence  for  a  4-uuark  bound  state. 

(5)  Studies  of  Charmed  Particles  at  PEP.  The  study  of  the  production  of 
D  mesons  at  PEP  energies  will  continue.  Mixing  in  the  DD  system  is  of  interest. 
There  is  also  the  challenge  of  finding  out  how  to  study  charmed  baryon  production 
in  the  PEP  energy  range;  this  is  a  very  interesting  subject  because  we  do  not 
yet  understand  the  production  of  ordinary  baryons  in  electron-positron  collisions. 
The  charm  fragmentation  function  needs  mere  study  in  the  light  of  the  HRS  data 
onDc(Z)  at  low  Z. 

(6)  Studies  of  r  Physics.  Measurement  at  PEP  of  the  r  single-charged- 
particle  branching  fraction  yields  86  ±  1%.  Experiments  at  PETRA  have  con- 
firmed this  result.  Yet  adding  up  the  measured  single-charged-particle  decay 
modes  yields  only  about  75%.  Tagged  tau  events  can  be  used  to  study  this  sig- 
nificant disagreement.  Several  individual  branching  fractions  are  be;ng  measured 
at  PEP  where  the  errors  are  smaller  than  at  SPEAR. 

Measurements  of  Cabibbo-suppiessed  r  decays  !  ad  to  a  limit  on  the  r  neu- 
trino mass.  Further  study  of  Cabibbo-allowed  multiprong  decays  may  help  resolve 
long-standing  experimental  disagreement  about  the  A\. 

(7)  Weak-Electromagnetic  Interference  Effects.  Interferences  between  the 
one-photon-exchange  and  neutral-weak-current  amplitudes  occur  in  both  dilep- 
ton  and  hadronic  final  states.  These  interference  terms  lead  to  observable  effects 
of  many  types.  For  example,  in  the  case  of  e+e"  -+  mV"i  weak-electromagnetic 
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interference  will,  in  general,  lead  to  a  polar-angle  distribution  of  the  form 

l  +  cos20  —  a*  coed 

where  $  is  the  angle  between  the  /i+  and  the  e+  beam. 

Interference  effects  should  also  manifest  themselves  through  asymmetries  in 
high-momentum  hadrons  at  a  level  comparable  to  those  in  the  case.  A  full 
study  of  asymmetries  in  high-momentum  hadrons  requires  reliable  identification 
of  x's,  JTs  and  p's.  The  TPC/Two-Gamma  experiment  at  PEP  is  particularly 
well  suited  for  this  purpose. 

(8)  Searches  for  New  Particlea.  Electron-positron  collisions  offer  a  clear  way 
to  produce  new  particles  through  pair  production 

c+  +  c--*X  +  X 

Some  examples  of  particles  which  may  be  produced  within  the  PEP  energy 
range  are  particles  predicted  by  supersymmetric  theories,  Higgs  particles,  non- 
sequential heavy  leptons,  neutral  heavy  lepton?,  free  quarks,  hadro-leptons,  and 
so  forth.  There  have  been  a  number  of  powerful  and  comprehensive  searches  for 
such  particles  at  e+e~  facilities,  and  an  important  part  of  the  PEP  program  is 
carrying  out  such  searches.  The  very  large  hadronic  data  set  from  PEP  of  105 
hadrons  makes  it  possible  to  search  for  interesting  effects  down  to  the  10~4  level. 
We  discuss  three  examples: 

(a)  Supersymmetric  particles:  Supersymmetry  is  a  theory  which  introduces 
a  new  boson  for  every  fermion  and  a  new  fermion  for  every  boson.  It  also  requires 
that  the  coupling  strengths  of  these  particles  be  *he  same  as  their  normal  partners 
except  for  spin  factors.  Some  of  these  particles  aie  expected  to  be  light;  examples 
are  the  photino  and  the  Higgsino  (spin  1/2  partners  of  the  photon  and  Higgs 
boson).  The  remaining  particles  may  be  heavy,  but  if  the  lower  limits  for  the 
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mass  of  these  objects  become  too  high,  the  theory  fails  to  solve  the  mass  hierarchy 
problem  in  standard  theories.  Scalar  leptons  and  photinos  can  be  produced  and 
detected  through  the  reaction  e+  +  e~  ->  b  +  i~  f  +  7.  Another 
interesting  way  to  produce  and  detect  photinos  is  e+  +  e~     7  +  7  +  7. 

A  new  experiment  at  PEP,  called  ASP  for  Anomalous  Single  Photons,  has 
been  installed  with  these  peculiar  events  as  its  main  game.  The  MAC  detec- 
tor has  added  small-angle  counters  to  give  it  sensitivity  to  some  of  these  same 
events.  Single  photons  also  signal  a  radiative  decay  into  two  neutrinos,  and  these 
experiments  bear  on  the  question  of  the  number  of  neutrino  flavors. 

(b)  Neutral  heavy  leptons:  There  have  been  no  comprehensive  and  definitive 
searches  for  neutral  heavy  leptons  because  the  only  known  general  method  for 
producing  them  is 

e+  +  e--Z°-L0  +  I0 

and  that  production  cross  section  is  small  at  PEP  and  PETRA  energies.  Ignoring 
threshold  factors,  a  ~  2  X  1(T37  cm'2.  However,  with  much  improved  luminosity 
at  PEP,  we  will  be  able  to  carry  out  a  significant  search. 

(c)  Other  searches'  There  are  two  types  of  events  where  it  is  interesting 
to  look  for  new  particles  in  a  very  general  way:  low-multiplicity  events,  and 
multilepton  hadronic  events.  In  both  cases  the  major  sources  of  these  events 
are  known  processes.  Low-multiplicity  events  come  from  pure  electromagnetic 
processes,  from  r-pair  production  and  decay,  and  from  beam-gas  interactions. 
Multilepton  hadronic  events  come  from  heavy  quark  production  and  decay.  Large 
statistics  studies  will  enable  us  to  apply  more  severe  criteria  for  seeking  out  new 
particles  among  these  known  processes. 

C.  Fartic/e  Physics  Using  SPEAR 

SPEAR  operates  in  the  center-of-mass  energy  region  up  to  7.4  GeV.  Since 
1972,  experimental  work  at  SPEAR  and  at  the  similar  German  storage  ring 
DORIS  has  established  much  of  the  fundamental  physics  in  this  energy  region. 
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Since  DORIS  is  now  operating  at  higher  energy,  SPEAR  now  provides  the  only 
access  to  this  important  energy  region. 

The  pioneering  work  at  SPEAR  includes  the  discoveries  of  the  psi-particle 
family,  charmed  mesons,  hadronic  jets,  and  the  tau  lepton.  The  significance  of 
this  work  is,  to  say  the  least,  well-established.  The  present  and  future  physics 
programs  at  SPEAR  build  upon  these  foundations  and  look  into  several  open 
issues. 

(1)  The  F-mwon.  The  F -meson  has  been  identified  and  its  mass  measured, 
but  there  remain  questions  about  its  weak  decry  branching  ratios.  A  semileptonic 
decay  study  would  allow  the  measurement  of  the  F+/D  lifetime  ratio. 

(2)  Charmed  Baryons.  Our  knowledge  of  the  charmed  baryons  is  little  better 
than  that  of  the  F  mesons.  Only  a  few  decay  modes  of  the  Ac  have  been  observed 
in  e+e"  studies,  and  data  from  other  experiments  have  very  low  statistics.  There 
is  little  data  from  e+e"  studies  or  elsewhere  on  other  charmed  baryons,  such  as 
the  Lc,  which  can  be  cleanly  produced  at  higher  SPEAR  energies. 

(3)  Psi  Family.  Although  we  know  a  good  deal  about  0  and  x  states  of  the 
chLrmonium  family,  there  remains  much  more  to  be  learned.  An  example  comes 
from  the  Crystal  Ball  experiment  at  SPEAR,  which  demonstrated  that  the  rie 
state  does  exist,  and  that  its  mass  is  rather  close  to  the  0  mass.  The  Mark  HI 
detector  has  since  measured  the  spin  and  parity  for  the  rjc  (Jp  =  0"). 

The  radiative  decay  modes  of  the  tp  are  the  best  place  to  look  for  possible 
bound  states  of  gluons,  and  the  Mark  Ill's  accumulation  of  nearly  three  million 
such  decays  is  turning  up  interesting  structure. 

The  Mark  HI  study  of  the  ^  system  has  improved  the  understanding  of  the 
D  meson  decay  mechanism.  New  data  will  improve  limits  on  DD  mixing. 

Strong  interest  in  the  0  family  comes  from  the  theoretical  expectation  that 
the  ci  system  can  be  studied  in  an  approximately  nonrelativistic  framework, 
which  means  that  it  should  be  possible  to  study  the  quark-quark  interaction  in 
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this  system  in  great  detail. 

(4)  D  Mesons.  There  are  still  many  aspects  of  the  physics  of  the  D  mesons 
that  remain  to  be  studied  in  detail  and  understood.  These  include  the  semilep- 
tonic  decay  modes  of  the  D,  particularly  the  Cabibbo-suppressed  modes;  the 
different  lifetimes  of  D±  and  D°\  and  the  nonleptonic  decay  modes  of  higher 
multiplicity. 

(5)  The  Tau  Lepton.  Two  aspects  of  r  physics  of  great  interest  are  better 
measurements  of  the  multihadron  decay  modes  of  the  r,  and  a  search  for  the 
decay  process  F     t  +  u  and  second-class  currents  such  as  t  — ►  B  +  v. 

(6)  Total  Hadronic  Cross  Section  in  the  4-5  GeV  Region.  This  enevgy  re- 
gion exhibits  a  complex  structure  with  at  least  three  peaks.  These  peaks  are 
thought  to  be  related  to  higher  mass  states  in  the  c£  system,  but  this  hypothesis 
has  not  been  seriously  tested.  The  physics  of  this  region  remains  to  be  thor- 
oughly explored.  With  sufficiently  good  measurements  a  further  understanding 
of  non-relativistic  potential  models  of  charmonium  is  possible. 

(7)  Total  Hadronic  Cross  Section  Above  5  GeV.  Existing  measurements  of 
the  hadronic  cross  section  above  5  GeV  are  in  crude  agreement  with  the  quark 
model,  but  detailed  agreement  cannot  be  obtained,  even  with  full  QCD  cor- 
rections. Future  SPEAR  physics  can  explore  whether  this  disagreement  is  at- 
tributable to  measurement  errors  or  to  some  fundamental  error  in  the  theory. 
Sufficiently  good  measurements  of  R  can  lead  to  an  improved  determination  of 
a,. 

(8)  The  Unexpected.  Finally,  there  may  well  be  some  new  phenomena  that 
remain  to  be  discovered  in  the  energy  region  between  about  3  and  8  GeV.  The 
region  is  so  complex  in  structure  that  some  of  the  contributing  processes  may 
not  yet  have  been  observed. 

D.  Physics  of  Electron- Positron  Collisions  in  the  TeV  Region 

One  of  the  exciting  aspects  of  the  SLAC  Linear  Collider  is  that  it  will  help 
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to  develop  the  accelerator  technology  needed  to  build  a  yet  higher  energy  linear 
collider.  Other  parts  of  the  SLAC  program  in  accelerator  physics  and  technology 
are  ako  directed  to  that  goal.  Therefore  it  is  useful  to  present  a  brief  sketch  of 
the  important  physics  that  could  be  done  with  an  electron-positron  linear  collider 
in  the  TeV  region.  For  convenience  we  use  the  example  of  a  collider  with  a  total 
energy  of  1  TeV.  Such  a  facility  offers  four  extraordinary  ways  to  move  into  a 
new  world  of  particle  physics: 

(1)  Increase  in  Mass  Scale.  The  mass  range  for  searching  for  new  particles 
will  be  extended  a  factor  of  five  to  ten  over  the  mass  range  available  to  accelera- 
tors now  under  construction.  (There  vc  CERN's  LEP,  SLAC's  SLC,  Fermilab's 
TEV-I  proton- antiproton  facility,  and  UNK  in  the  Soviet  Union.)  Examples  of 
possible  new  particles  are  heavy  leptons  or  heavy  quarks  so  massive  that  they 
decay  toH^'i  and  2°'s.  For  example,  a  quark  Q  of  several  hundred  GeV  macs 
decays  via  Q  — ♦  W  +  where  q  is  a  less  mass've  quark.  One  can  look  for  heavy 
relatives  of  the  Z°  with  masses  up  to  1  TeV,  or  for  heavy  charged  Higgs  particles 
pair  produced  via  e+  +  e~  — •  H+  +  H~.  Or  if  the  Technicolor  theory  is  cor- 
rect, the  Technicolor  analog  of  the  p,  called  pr,  can  be  copiously  produced  via 
e+  + 1"  — •  pr  up  to  a  1  TeV  mass. 

(2)  Probing  for  Particle  Structure.  One  of  the  outstanding  problems  of 
particle  physics  is  whether  the  leptons  and  quarks  are  elementary  or  composite.  If 
they  are  elementary,  why  are  there  so  many  different  kinds?  If  they  are  made  up  of 
simpler  particles,  why  have  we  not  found  any  evidence  for  their  being  composite? 
The  pair  production  of  these  fermions,  e+  +  e~  — ♦  /  +  /,  at  very  high  energy  offers 
the  best  hope  of  resolving  the  paradox.  This  is  because  the  pair-production  cross 
section  can  be  precisely  calculated  if  the  fermions  are  elementary,  but  if  they  are 
composite  we  will  see  deviations  from  the  calculated  point  cross  section  as  well 
as  other  effects. 

(3)  Clear  Signals  and  Relatively  Small  Backgrounds.  Electron-positron 
physics  in  the  1  TeV  region  has  the  very  valuable  property  that  it  offers  a  rela- 
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;ively  high  ratio  of  the  expected  cross  section*  for  known  pnysics.  This  is  because 
the  known  physics  processes  have  distinctive  signatures  and  can  usually  be  iden- 
tified. Hence  they  leave  a  rather  small  residual  background  against  which  the 
new  physics  must  be  observed  and  studied.  This  is  in  contrast  to  hadron-hadron 
collisions  where  the  background  from  known  physics  will  often  overwhelm  the 
search  for  new  physics. 

(4)  Unexpected  New  Physics.  Electron-positron  physics  is  xharacterized 
by  the  simplicity  of  the  initial  state  and  by  our  ability  to  calculate  precisely 
how  that  state  is  transformed  through  the  electroweak  interaction,  flence  this 
physics  offers  the  best  opportunity  to  discover  and  interpret  unexp-  cteu  uew 
physics  at  very  high  energies.  The  situation  is  much  more  difficult  in  hadron- 
hadron  collisions,  where  the  initial  state  is  complex  and  the  strong  interactions 
play  a  crucial  role. 

The  foregoing  i«  just  a  brief  sketch  of  the  extraordinary  particle  physics  that 
can  be  done  with  electron-positron  collisions  in  the  1  TeV  region. 

E.  Fixcd-Tuget  Physics  at  SLAC 

(1)  NPAS  —  Nuclear  Physics  at  SLAC.  NPAS  is  a  program  of  i  iclear- 
structure  physics  based  on  an  intense  electron  beam  of  0.5  to  6  GeV  and  the 
electron-scattering  facilities  at  SLAC.  A  new  injector  (NPI  for  Nuclear  Physics 
Injector)  has  been  designed  to  inject  electrons  into  the  last  six  sectors  of  the  linac 
to  produce  the  required  beam  without  requiring  the  use  of  the  full  linac  length. 
This  is  significantly  more  efficient  and  also  provides  more  flexibility  for  the  SLAC 
program.  The  NPI  is  installed  and  running. 

(a)  Approved  NPAS  experiments:  The  NPAS  program  now  includes  three 
electron-scattering  experiments  which  will  use  the  spectrometer  facilities  of  End 
Station  A.  One  experiment  will  study  backward  scattering  from  deuterium  at 
large  momentum  transfer.  Two  fixed-position  spectrometers  will  be  set  up  to 
detect  the  forward  scattered  electron  and  the  backward  reco*'  deuteron.  Both 
elastic  and  inelastic  scattering  will  be  studied,  with  the  backward  kinematics 


si 


991 


Allowing  a  clean  separation  of  the  magnetic  structure  function.  The  experimtiit 
should  be  able  to  discriminate  sharply  among  several  theories. 

The  electroproduction  of  the  delta  isobar  will  be  measured  using  a  variety 
of  targets  and  the  8  GeV  and  1.6  GeV  spectrometers.  A  Rosenbluth  separation 
would  provide  the  transverse  part  of  the  cross  section.  This  experiment  probes 
medium  range  nucleon  interactions,  which  show  up  as  a  shift  and  broadening  of 
the  resonance. 

Electron  scattering  from  nuclei  using  the  8  GeV  spectrometer  and  a  variety 
of  targets  from  hydrogen  to  gold  concentrates  on  the  high-momentum  transfer 
region  where  quark  dynamics  might  dominate  and  probes  the  high-momentum 
distribution  of  nucleon.  The  interest  in  quark  processes  *n  nuclear  physics  comes 
from  the  EMC  effect  observed  at  CERN  and  similar  work  at  SLAC. 

(b)  Very  light  nuclei  structure  studies:  Recently,  a  series  of  experiments  at 
SLAC  has  measured  the  elastic  form  factor  of  *H  at  high  momentum  transfers. 
These  experiments  straddle  the  boundary  between  particle  physics  and  nuclear- 
structure  physics.  They  are  crucial  for  the  quark  model  of  light  nuclei,  and  they 
make  a  unique  contribution  to  nuclear  physics.  Extensions  of  this  program  are 
clearly  of  interest  to  the  nuclear  physicist. 

(2)  Possible  Particle  Physics  Experiments.  The  future  program  for  fixed- 
target  particle  physics  is  less  definite  than  that  for  e+e~  physics  for  two  reasons. 
First,  the  SLAC  fixed-target  program  covers  a  collision-energy  range  that  has 
already  been  well  surveyed  and  that  we  therefore  already  know  a  great  deal 
about.  Because  of  this,  the  experimental  program  tends  to  be  a  step-by-step 
process,  with  each  new  experiment  depending  upon  the  results  of  a  previous 
experiment.  The  second  reason  for  the  less  definite  nature  of  the  future  fixed- 
target  experimental  program  is  financial.  The  increasing  priority  given  to  the 
e+e~  program,  combined  with  overall  financial  pressures,  (particularly  the  large 
cost  of  power  associated  with  high  repetition  rate  operation  of  the  full  linac)  have 
decreased  the  support  available  for  fixed-target  experiments  at  SLAC  well  below 
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the  available  opportunities.  This  has  prevented  planning  a  comprehensive  and 
broad  future  program.  Indeed,  the  financial  restrictions  have  discouraged  many 
physicists  from  plannir.g  any  future  fixed-target  experiments*  at  SLAC. 

In  this  section  we  outline  two  physics  experiments  that  could  use  the  End 
Station  A  facilities  at  SLAC.  These  depend  on  the  fact  that  the  SLAC  machine 
remains  the  highest  energy  and  intensity  electron  accelerator  in  the  world.  The 
proton  accelerators  at  Fermilab  and  CERN  can  produce  electron,  positron,  and 
photon  beams  of  higher  energy,  but  the  intensities  are  very  much  less,  and  the 
beams  have  significantly  larger  inherent  phase  space. 

(a)  Unpolarired  deep  inelastic  electron-proton  scattering:  Two  types  of  ex- 
periments are  worthwhile.  One  is  a  relatively  accurate  measurement  of  R  = 
ol/ot-  R  is  a  fundamental  parameter  in  the  general  quark-part  on  model,  and  it 
is  a  quantity  which  should  be  calculable  in  any  specific  theory  such  as  QCD.  The 
deep  inelastic  muon  experiments  at  proton  machines  cannot  make  as  accurate  a 
measurement  of  R  as  could  be  achieved  by  experiments  at  SLAC. 

Another  very  worthwhile  type  of  deep  inelastic  experiment  is  an  extension  of 
e-  p  and  t  -d  measurements  to  the  30  or  35  GeV  energy  range  made  available  by 
SLED  I  or  SLED  II.  This  would  provide  an  overlap  with  the  m  —  V  ^d  \i  —  d  deep 
inelastic  scattering  measurements  made  at  proton  machines.  This  is  important 
because  most  of  the  Bjorken  scaling  violation,  a  major  argument  for  the  validity 
of  QCD,  occurs  in  this  energy  and  Q2  range. 

F.  Theoretical  Physics 

The  research  of  the  Theoretical  Physics  Group  covers  a  broad  range  of  topics 
and  is  generally  characterized  by  staying  in  close  contact  with  the  experimen- 
tal program  at  SLAC  and  at  other  high  energy  research  centers.  Efforts  are 
continuing  to  study  applications  of  perturbative  QCD  to  jet  physics.  Although 
QCD  stands  as  our  most  appealing  and  practical  theory  for  studying  hadronic 
processes,  more  decisive  tests  of  its  validity  are  still  needed.  Among  the  impor- 
tant ongoing  studies  are  the  analyses  of  multi-jets  in  electron-positron  annihi- 
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lation,  in  search  o'i  distinctive  differences  between  gluon  and  quark  jets,  and  of 
flavor  and  charge  correlations  of  secondary  particles.  Work  continues  here  on 
the  applications  of  QCD  to  elementary  processes  such  as  electron-positron  an- 
nihilation. In  addition,  systematic  studies  of  the  applications  of  QCD  to  more 
complex  processes  with  initial  hadrons,  and  especially  to  nuclear  (as  opposed  to 
nucleon)  processes,  are  being  undertaken.  This  requires  deeper  understanding 
of  the  bound-state  properties  of  the  theory,  which  lie  beyond  the  realm  of  per- 
turbative  calculations  alone.  The  study  of  quark-gluon  plasma  and  its  possible 
application  to  relativistic  nucleus-nucleus  collisions  is  being  pursued. 

Supersymmetric  field  theories  are  being  analyzed  in  efforts  to  achieve  the 
grand  unification  of  all  the  forces  of  nature  within  a  finite  and  renormalizable 
field  theory  formalism.  In  addition  to  understanding  basic  properties  of  super- 
symmetry,  th're  are  many  phenomenological  questions  that  have  to  be  addressed 
by  building  specific  models  to  compare  with  data  on  the  lifetime  of  hadrons  (in- 
cluding proton  decay),  and  on  the  observed  particle  spectra  in  a  broken  symmetry 
theory.  Predictions  are  being  made  on  experiments  planned  for  PEP,  SLC,  and 
LEP  energies.  The  inclusion  of  super  gravity  in  supersymmetric  models  h>  also 
a  topic  under  investigation,  as  is  the  appearance  of  magnetic  monopoles  in  such 
theories.  Attention  is  also  being  paid  to  the  foundations  of  quantum  mechanics 
and  to  the  possibility  of  developing  a  finite-particle-number  covariant  scattering 
theory  as  a  basis  for  elementary  particle  physics. 

The  formulation  and  study  of  gauge  theories  on  lattices,  and  in  terms  of  dis- 
crete variables  more  generally,  is  also  being  intensively  studied,  both  numerically 
and  analytically.  Efficient  new  numerical  methods  and  algorithms  have  bf-n  de- 
veloped and  are  being  extended  for  determining  the  low-lying  states  of  gauge 
theories  on  the  lattice.  These  techniques  are  also  being  applied  to  a  variety  of 
problems  such  as  spin  systems,  lower  dimensional  electron  systems,  polymers, 
etc.,  in  order  to  gain  physical  insight  into  their  application  to  real  systems. 

Certain  topological  indices,  used  to  characterize  different  sectors  of  field  the- 
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one*,  are  being  studied  and  related  to  physical  quantities.  The  same  techniques 
are  being  applied  to  study  fractional  charge  and  fermion  number  states  in  particle 
theories  and  condensed  matter  theories  that  possess  monopoles  or  solitons. 

Questions  of  the  composite  nature  of  quarks  and  their  possible  unification 
with  leptons  are  also  being  studied,  both  from  the  point  of  view  of  fundamental 
properties  of  theory  and  in  terms  of  the  experimental  Implications  of  composite- 
ness. 

Much  of  the  research  in  the  SLAC  Theory  Group  Is  motivated  by  the  phys- 
ical questions:  What  experiments  at  PEP  energies  and  higher  (SLC,  Tevatron, 
*uid  LEP)  can  provide  decisive  new  clues  about  the  predictions  of  supersy mine- 
try,  about  the  possible  composi ten«s  of  quark  and  lepton,  about  new  physics 
involving  Higgs  bosons,  and  about  the  supersy  crime  trie  particle  families? 

Detector  Research  and  Development 

SLAC  continues  to  be  a  leader  in  developing  experimental  apparatus  and 
techniques  germane  to  particle  physics.  The  End  Station  A  spectrometers  and 
the  Mark  I  detector  at  SPEAR  are  examples  of  detection  facilities  with  which  ma- 
jor discoveries  were  made.  Indeed,  the  Mark  I  detector  became  the  prototype  for 
most  colli  ding-beam  detectors  built  since.  Other  examples  of  innovation  from  the 
past  include  the  streamer  chamber,  the  hybrid  facility  based  on  the  rapid-cycling 
40-inch  bubble  chamber,  and  the  mult ip article  spectrometer  facility,  LASS.  Ex- 
amples of  the  present  interests  of  the  laboratory  are  improved  drift  chambers 
of  unparalleled  tracking  accuracy,  (particularly  vertex  chambers)  planar  spark 
counters  exhibiting  the  best  time  resolutions  obtainable,  Cerenkov  ring-imaging 
detectors  for  high-momentum  particle  identification,  and  main-frame  computer 
emulators  to  enable  rapid  analysis  of  the  experimental  data.  We  describe  some 
of  these  examples  in  the  following  sections. 
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A.  Drift  Chtmbtn 

SLAC  continues  to  advance  the  sttte  of  the  art  in  truck-dumber  design. 
The  Mark  I  spark  chamber  was  the  first  large  cylindrical  chamber  to  be  used 
for  storage  ring  physics.  The  Mark  II  drift  chaoler  gave  considerably  improved 
resolution  in  large  tracking  system*  and  was  alto  the  first  of  its  kind.  The  many 
imitators  of  this  concept  attest  to  its  success.  More  recently  the  Mark  0  tracking 
system  has  been  augmented  by  a  high  precision  vertex  drift  chamber  to  resohve, 
*rhh  excellent  spatial  precision,  particle  tracks  close  to  the  interaction  point  of 
the  colliding  electron  and  positron  beams.  The  achieved  precision  of  80  /im 
has  allowed  the  experimenters  to  measure  the  very  short  track  lengths  of  such 
particle*  at  tau  leptons  and  charmed  mesons. 

New  Mark  II  Drift  Chambf  r.  A  new  drift  chamber  is  presently  "under  con- 
struction for  the  Mark  II  Upgrade  for  the  SLC.  The  general  considerations  for 
the  design  of  the  new  chamber  were  as  follows:  good  momentum  resolution  in  the 
existing  5  kG  magnetic  field,  good  solid-angle  coverage,  ease  of  pattern  recog- 
nition and  high  tracking  efficiency  at  the  and  dE/dx  measurement  as  an 
independent  aid  to  calorimetry  for  electron-hadron  separation  for  momenta  less 
than  about  10  GeV/c.  An  average  resolution  of  150  nm  and  a  dE/dx  resolution 
of  4.7%  have  been  achieved  in  the  prototype. 

Vertex  Chamber  Development.  The    Mark    II    collaboration  is 

presently  developing  a  high  pressure  drift  chamber  for  use  as  a  vertex  detec- 
tor at  the  SLC.  The  physics  environment  at  2°  energies  simultaneously  demands 
high  spatial  resolution  (a  <  40  /im  per  measurement  is  the  goal)  and  excellent 
track-pair  separation  capability  (<  500  /im).  A  prototype  chamber  hat  been 
constructed  to  extremely  %  igh  mechanical  tolerances  for  use  in  pressurised  gases. 
The  chamber  incorporates  a  focusing  grid  structure  which  separates  a  uniform 
drift  region  from  the  amplification  region.  Resolution  tests  are  underway.  The 
TLC  chamber  is  in  its  initial  design  phase,  with  a  full  length  prototype  due  by 
mid  1985. 
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The  MAC  detector  collaboration  hia  also  developed  a  new  vertex  chamber 
for  its  apparatus.  This  chamber  consists  of  324  wires  strung  through  aluminited 
mylar  straws  between  plates  attached  to  a  beryllium  beam  pipe  at  a  minimum 
distance  from  the  beam  of  about  two  inches.  An  active  shield  of  bismuth  ger- 
manate  crystals  was  installed  in  the  very  forward  region  to  order  to  provide 
shielding  to  the  chamber  without  compromising  its  ability  to  work  down  to  very 
small  angles.  The  new  vertex  chamber  has  been  in  operation  for  some  months. 
A  preliminary  estimate  of  the  resolution  is  about  70  microns;  somewhat  better 
results  are  expected  as  the  calibration  procedures  are  refined. 

Drift  Chamber  Studies  for  the  ?LD.  Prototype  chambers  are  being  studied 
for  the  second  SLC  detector,  the  SLD.  A  cylindrical  central  tracker,  somewhat 
smaller  in  radius  than  the  Mark  H  chamber,  will  obtain  higher  resolution  through 
improved  electrostatics  and  use  of  different  gss,  COrlsobutane  (92%%%).  Local- 
iration  of  ionization  from  tracks  will  be  done  by  waveform  sampling  chips  and  fast 
processors.  The  waveform  sampling  chips  have  been  developed  at  the  Stanford 
Integrated  Circuits  Laboratory  and  are  designed  for  drift  chamber  signals.  Tests 
of  these  chips  are  underway.  Software  code  is  being  developed  that  will  convert 
the  drift  chamber  pulses  into  times  and  pulse  heights.  Multihit  capabilities  are 
possible  within  this  hardware/software  scheme.  Beam  tests  using  electrons  and 
pions  from  5  to  15  GeV/c  are  underway  to  provide  a  data  base  for  the  software 
development. 

B.  tferenkov  Ring  Imaging  Detectors  (CRID) 

When  a  particle  travels  through  an  optical  medium,  it  may,  depending  on 
its  velocity,  produce  Cerenkov  light  in  a  unique  cone.  In  the  past,  Cerenkov 
detectors  have  been  used  in  high  energy  physics  to  detect  the  presence  or  absence 
of  light  and  thereby  to  tell  whether  the  velocity  was  above  or  below  the  Cerenkov 
threshold.  A  new  technique  has  been  under  development  at  CERN  and  at  SLAC 
to  take  advantage  of  the  unique  angle  of  the  cone  of  light  so  that  velocities  can 
be  measured  over  a  broader  range.  This  technique  involves  the  detection  of 
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individual  photons  in  the  cone  in  order  to  form  an  image  of  the  Cerenkov  light 
of  an  individual  particle. 

In  recent  yean  it  has  been  demonstrated  that  the  photons  from  Cerenkov  light 
can  be  detected  in  a  drift  chamber  by  introducing  a  photoionizing  gas  into  the 
chamber  gas  mixture.  By  replacing  the  chamber  walls  with  windows  transparent 
to  ultraviolet  light,  one  can  use  this  detector  to  image  the  cone  of  Cerenkov 
light  from  the  particle.  The  potential  for  making  a  large-area  Cerenkov  detector 
can  be  realized  by  using  a  time-projection  type  of  drift  chamber  to  drift  the 
photoeiectrons  up  to  a  meter.  The  availability  of  a  photoionizing  vapor  (TM AE) 
which  overlaps  the  ultraviolet  transmission  of  readily-available  synthetic  quartz 
windows  has  also  contributed  to  the  possibility  of  a  large  area  detector. 

The  photoeiectrons  that  have  been  drifted  are  detected  by  a  mult 'wire  pro- 
portional chamber  along  one  end  of  the  imaging  plane.  The  wire  number  in  the 
array  gives  one  coordinate,  and  the  elapsed  drift  time  gives  the  distance  across 
the  imaging  plane.  This  scheme  allows  relatively  few  channels  of  electronics  to 
read  out  a  large  area. 

The  choice  and  handling  of  the  optical  medium  for  producing  the  Cerenkov 
light  is  also  important.  Perfluoro-n-hexane  liquid,  C0Fh,  has  been  studied  be- 
cause it  is  a  room-temperature  liquid  with  a  low  index  of  refraction  and  high 
transparency  to  ultraviolet  light  in  the  region  of  sensitivity  of  the  photoionizing 
vapor.  Tests  at  SLAC  and  CERN  have  shown  that  the  transparency  is  good 
and  can  be  improved  by  recirculating  the  liquid  through  commercially  available 
oxygen  filters. 

A  demonstration  CRID  has  been  operated  at  SLAC  using  the  CsFu  liquid 
radiator  and  a  20  centimeter  square  drift  detector.  Ring  images  from  11  GeV/c 
pions  have  contained  10  to  20  detected  photoeiectrons  per  image.  A  second  device 
is  now  being  used  to  study  the  drifting  of  Cerenkov  rings  up  to  80  centimeters. 

The  CRID  device  has  been  chosen  for  inclusion  in  the  SLD  detector  at  SLC 
because  of  the  superior  performance  it  will  have  over  other  techniques  of  measur- 
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ing  particle  velocities.  Software  simulations  have  shown  that  the  technique  would 
be  superior  even  if  the  detector  performance  were  to  deteriorate.  Software  and 
hardware  development  will  continue  in  order  to  determine  optimal  parameters 


C.  Spark  Counter  Development 

With  the  successful  fabrication  and  testing  of  a  spark  counter  of  length  120 
cm,  we  are  now  extending  the  length  of  the  counters  under  development  to  3 
meters.  The  construction  of  two  of  these  larger  counters  is  well  underway.  In 
addition,  we  have  fabricated  and  are  testing  two  counters  with  a  smaller  gap 
dimension  of  100  Mm.  With  the  smaller  spark  gap,  these  counters  are  expected 
to  give  significantly  better  time  resolution  than  those  we  have  built  to  date. 
All  counters  now  being  built  incorporate  several  important  innovations,  includ- 
ing grounded-cathode  design,  chromium-surface  cathode,  position  sensing  in  the 
transverse  dimension,  printed-circuit  stripline  readout,  ease  of  fabrication,  and  a 
calibration  pulser  port. 

Our  program  calls  for  investigation  of  the  limits  of  spark  counter  resolution 
using  the  smaller  counters,  including  the  effect  on  the  counter  operation  of  includ- 
ing either  xenon  (5%)  or  Freon  13B  (0.1%),  in  the  gas  mixture,  and  of  replacing 
the  argon  completely  with  xenon.  For  the  3-meter  counters,  we  will  measure  the 
time  and  position  resolution  as  a  function  of  operating  voltage,  and  as  a  function 
of  position. 

With  the  testing  of  these  counters,  the  spark  counter  detector  development 
program  at  SLAC  will  draw  to  a  close.  At  the  present  time,  there  is  modest 
interest  in  spark  counters  world-wide:  in  Japan  (TOPAZ  experiment  at  KEK), 
in  the  U.S.A.  (kaon  beam  physics  at  BNL  and  muon  beam  physics  at  Fermilab), 
and  in  Germany  (as  an  alternative  to  scintillation  counters  at  HERA). 

D.  Computer  Emulators 

The  now  famous  168/E  processor  emulator  developed  at  SLAC  has  been  in 
production  computation.  A  "farm"  of  9  processors  is  channel  attached  to  the 


for  the  full  scale  SLD  device. 
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SLAC  central  IBM  3081K  computer  and  provides  a  compute  capacity  of  about 
one  half  of  the  3081K*s  total  capacity.  All  the  production  from  raw  data  tapes 
to  DST  tapes  for  Experiment  E135  at  SLAC  is  being  done  on  the  farm.  Because 
of  its  success,  a  new  generation  of  emulators  has  now  been  developed.  The 
3081/E  has  an  order  of  magnitude  more  memory,  more  of  the  IBM  instruction 
set  implemented,  full  REAL*8  precision,  and  execution  speed  of  about  3  times 
that  the  168/E.  The  simple  architecture  and  interfacing  will  be  retained  from  the 
168 /E  system.  The  program  is  being  pursued  in  cooperation  with  CERN,  and 
the  first  prototype  processors  are  running  at  bcth  SLAC  and  CERN.  We  expect 
the  general  production  3081/E  processors  to  be  installed  during  1985. 

ACCEI ERATOR  RESEARCH  AND  DEVELOPMENT 

A.  Introduction 

Accelerator  Research  and  Development  at  SLAC  includes  work  on  the  storage 
rings  SPEAR  and  PEP,  the  SLC  linear  collider,  and  other  future  colliders.  The 
work  on  the  storage  rings  is  covered  in  other  sections  of  this  plan.  In  this  section 
we  present  the  R  &  D  on  the  SLC  and  future  colliders. 

B.  SLC  Upgrades 

The  following  programs  to  upgrade  the  SLC  are  presently  being  undertaken 
or  studied.  The  SLC  offers  the  possibility  of  colliding  polarized  electrons  with 
unpolamed  positrons.  To  accomplish  this,  it  will  be  necessary  to  develop  a 
high-current  polarized  electron  gun.  Work  is  in  progress  on  a  laser-driven  pho- 
toemitter.  It  will  also  be  necessary  to  install  superconducting  solenoids  to  control 
the  spin  direction  of  the  electron  beam  on  injection  and  extraction  from  the  elec- 
tron damping  ring.  Since  there  is  rapid  spin  precession  in  the  collider  arcj,  the 
strength  of  the  solenoids  must  be  variable  over  a  considerable  range.  The  op- 
tics of  the  damping-ring-to-linac  beam  transfer  line  must  be  consistent  with  the 
option  of  a  variable  solenoid  strength. 
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The  maximum  number  of  electrons  that  can  be  accelerated  in  one  SI  C  bunch 
is  limited  by  the  disruptive  effect  of  transverse  wake  fields.  A  stronger  quadrupole 
lattice  would  permit  a  factor-of-two  increase  in  the  current  that  could  be  ac- 
celerated. Such  a  lattice  would  contain  approximately  twice  the  number  of 
quadrupoles  and  beam-position  monitors  as  are  presently  installed. 

The  number  of  bunches  accelerated  in  each  pulse  of  the  SLC  could  be  doubled 
if  improvements  in  the  damping-ring  kickers  could  be  made.  Each  damping  ring 
would  contain  double  the  number  of  bunches  presently  stored. 

It  might  be  possible  to  lower  the  effective  beta  value  at  the  final  focus. 
Stronger  final-focus  quadrupoles  and  an  improved  optical  design  would  be  re- 
quired. Operating  experience  with  the  initial  installation  will  be  helpful  in  the 
preparation  of  a  new  design. 

The  energy  of  the  SLC  can  be  increased  (in  principle  to  70  GeV/beam)  ei- 
ther by  increasing  the  power  output  of  the  present  SLC  klystrons  or  by  adding 
klystrons  and  modulators  to  the  accelerator.  An  improvement  to  the  SLED 
energy-storage  system  could  increase  the  energy  of  the  SLC  without  increasing 
the  klystron  output  power. 

C.  Advanced  Accelerator  R&D 

Advanced  accelerator  R  &  D  at  SLAC  is  directed  primarily  toward  the  even- 
tual realization  of  high  energy,  high-gradient  linear  electron-positron  colliders. 
Such  cclliders  fall  into  two  general  categories:  far-future  machines  with  energie* 
on  the  order  of  10  TeV  and  accelerating  gradients  exceeding  1  GeV/m,  and  nearer 
future  machines  with  energies  on  the  order  of  1  TeV  and  accelerating  gradients 
limited  by  the  breakdown  field  in  conventional  copper  accelerating  structures. 
This  breakdown  gradient  could  be  as  high  as  several  hundred  MeV/m  for  short 
rf  pulse  lengths  (several  hundred  nanoseconds)  and  higher  rf  frequencies  (5-10 
GHz)  than  those  used  in  the  present  SLAC  linac.  The  accelerating  gradient  for 
an  optimized  machine  might,  of  course,  be  well  below  the  breakdown  limit. 
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1.  Far-Future  Linear  Colliders.  A  number  of  acceleration  mechanisms  which 
might  give  gradients  greater  than  1  GeV/m  have  been  proposed  in  recent  years. 
Preliminary  studies  at  SLAC  and  elsewhere  have  shown  advantages  and  disad- 
vantages for  each  concept.  At  present  three  concepts  seem  worthy  of  further 
pursuit:  the  laser-driven  plasma  droplet  accelerator  (a  grating  accelerator  using 
disposable  liquid  droplets  as  a  structure),  the  laser-driven  plasma  beat-wave  ac- 
celerator, and  the  plasma  wake-field  accelerator  driven  by  electron  bunches.  At 
SLAC  we  have  chosen  to  focus  our  efforts  on  the  latter  two  ideas.  At  the  mo- 
ment, work  in  these  two  areas  is  mainly  confined  to  theoretical  studies,  although 
in  the  future  there  may  be  an  experimental  program  or  at  least  a  collaboration 
in  experiments  at  other  laboratories.  SLAC  accelerator  theorists  will  of  course 
continue  to  follow  developments  in  any  area  which  might  be  applicable  to  high- 
gradient  acceleration  for  linear  colliders,  and  will  be  prepared  to  contribute  where 
appropriate  to  the  study  and  development  of  promising  concepts  which  may  be 
as  yet  unforseen. 

2.  Near-Future  Collider  Studies.  A  linear  collider  with  an  energy  on  the 
order  of  1  TeV  and  a  luminosity  in  the  range  lO^-lO53  cnT'sec-1  can  probably 
be  realized  using  only  moderate  extrapolations  of  present-day  technology.  There 
are  two  general  approaches  to  such  a  machine:  a  conventional  rf-driven  llnac, 
and  a  wake-field  accelerator  driven  by  high-current  electron  bunches.  At  DESY 
a  prototype  accelerator  based  on  the  wake-field  accelerator  mechanism  is  now 
under  construction.  Progress  on  this  project  will  be  watched  with  great  interest, 
but  at  SLAC  no  experimental  work  on  this  type  of  machine  it  contemplated  at 
present.  We  expect  instead  to  coi^  jntrate  our  efforts  on  those  areas  of  research 
which  are  necessary  for  the  realization  of  a  high-gradient  collider  driven  by  high- 
peak- power  rf  sources.  Some  areas  of  current  effort  are  the  following: 

(a)  Parameter  studies:  Choice  of  optimum  parameters  for  a  machine  of  a 
given  energy  and  luminosity;  choice  of  accelerating  gradient  and  rf  wavelength 
for  minimum  cost. 
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(b)  Structure  design:  Optimization  of  structure  geometry  taking  into  ac- 
count accelerating  gradient,  breakdown  field  limit  at  metal  surfaces,  and  longi- 
tudinal and  transverse  wake  potentials. 

(c)  Beam  dynamics:  Energy  spread  due  to  single-bunch  beam  loading;  emit- 
tance  growth  due  to  alignment  tolerances  and  to  magnet  jitter  from  ground  mo- 
tion; amelioration  of  transverse  wako-field  effects  using  Landau  damping. 

(d)  Injection:  Design  of  damping  rings  for  minimum  emittance. 

(e)  RF  sources:  R  &  D  on  the  necessary  high-peak-power  rf  sources  to  drive 
a  linear  collider  (see  below). 

(f)  Final  focua:  Design  of  a  beam-transport  system  to  produce  the  required 
sub-micron  spot  sizes  at  the  interaction  point,  possibly  for  flat  beams  with  large 
aspect  ratios. 

(g)  Beam-beam  effects:  Simulation  of  beamstrahlung  and  disruption  in 
high-current  colliding  bunches. 

A  group  at  SLAC  (about  15  people)  meets  regularly  to  discuss  and  work 
on  various  problems  related  to  the  theory  and  design  of  very  high  energy  linear 
colliders.  The  effort  of  this  group  is  focused  on  conceptual  and  parametric  studies 
of  a  linear  collider  of  1  TeV  (each  beam)  with  a  luminosity  on  the  order  of  10s* 
cm~,sec"1.  The  group  also  studies  excursions  of  these  parameters  to  both  lower 
and  higher  values.  An  important  goal  of  this  work  is  to  explore  the  limits  that 
can  be  attained  with  present-day  technology,  and  to  define  parameter  thresholds 
where  new  technologies  will  be  required.  From  time  to  time,  a  benchmark  study 
will  be  produced,  focused  on  a  specific  set  of  collider  design  parameters. 

In  addition  to  the  conceptual  studies  outlined  above,  some  experimental  ef- 
forts are  now  beginning  at  S7jAC  in  several  areas.  As  one  example,  impressive 
results  have  already  been  obtained  in  measuring  the  rf  breakdown  limits  in  con- 
ventional disklo&ded  copper  accelerating  structures.  An  accelerating  gradient  on 
the  order  of  100  MV/m  has  alresdy  been  obtained  at  2856  MHz  with  a  pulse 
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tng  th  of  1  ps  without  breakdown.  These  measurements  will  be  extended  to 
igher  field  levels  and  possibly  to  a  higher  frequency  in  the  range  MO  G*i*.  In 
ddition,  an  effort  is  just  beginning  to  measure  dc  breakdown  limitation/;.  Those 
mite  are  relevant  to  the  design  of  the  high  power  •laaert^on,,  rf  source  described 
elow. 

Even  a  cursory  examination  of  the  rf  power  requirements  for  a  high-gradient 
Mlider  shows  that  very  high  peak  power  rf  sources  are  needed.  For  exampii. 
>  attain  a  gradient  of  100  MV/m  at  an  rf  wavelength  of  5  cm  requires  a  peak 
ower  of  about  200  MW/m.  If  the  number  of  rf  sources  is  to  be  held  to  a 
sasonable  total,  the  peak  power  per  source  must  be  several  times  greater.  This 
ower  should  ideally  be  produced  with  high  conversion  efficiency.  One  possible 
>urce  that  can  meet  these  requirements  is  the  lasertron,  a  device  in  whhA  a 
lodulated  laser  beam  is  used  to  pro  due*  bunched  emission  from  a  photocathode. 
n  rf  cavity  is  used  to  extract  the  energy  of  the  bunches  with  high  efficiency, 
n  additional  attractive  feature  of  the  lasertron  is  that  it  can  operate  directly 
om  &  dc  power  supply  without  the  usual  complexity  and  cost  of  a  high-power 
lodulator.  An  experimental  program  is  now  underway  to  produce  a  30-50  MW 
sertron  prototype  during  the  next  two  yea>*\ 

Various  pulse-compression  methods  can  also  be  employed  to  produce  a  short 
ulse  at  high  peak  power  from  a  long-pulse,  low-peak-power  source.  At  SLAC  a 
:heme  has  recently  been  invented  for  multiplying  the  peak  power  of  a  source  by 
factor  of  2, 4,  8  or  more,  with  of  course  a  consequent  reduction  in  pulse  width, 
'uring  the  coming  year  a  low-power  laboratory  model  of  such  power  multiplier 
ill  be  de /eloped,  and  if  the  idea  continues  to  look  promising,  a  full  high-power 
rototype  will  be  tested. 

In  parallel  with  the  above  work  on  room-temperature  accelerator  structures 
nd  rf  storage  cavities,  the  Advanced  Accelerator  R&D  program  also  includes 
n  ongoing  study  of  rf  superconducting  cavities.  This  program  was  originally 
>cused  on  the  investigation  of  multipactor  and  field  emission  in  cavities  operating 
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under  CW  regime,  but  in  the  tot  two  years  hu  evolved  in  a  new  dilution. 
Through  a  series  of  innovative  experiments,  it  has  been  discovered  at  SLAC  that 
superconducting  niobium  canities  can  sustain  fields  of  up  to  65*70  MV/m  without 
breakdown  if  they  are  operated  with  a  short  (~  2.5  jisec)  rf  pulse.  This  discovery 
has  opened  new  possibilities  for  fundamental  research  in  the  field  as  we11  as  for 
applications  to  accelerators.  It  will  be  pursued  during  the  coming  years  with  \ 
series  of  new  tests  and  materials. 

The  above  program  will  be  supported  and  complemented  at  SLAC  by  a  strong 
numerical  modeling  effort  in  the  areas  of  cavity  and  structure  design,  beam  trans- 
port and  microwave  source  development.  The  program  MASK  is  particularly  well 
suited  for  simulating  the  highly  nonlinear  properties  of  high-space-charge,  rela- 
tive tic  beams  in  rf  sources  such  as  the  lasertron. 

After  a  period  of  exploratory  conceptual  and  experimental  work  In  the  areas 
outlined  above,  the  Advanced  Accelerator  R&D  program  has  as  a  goal  to  build 
a  length  of  prototype  linac  for  the  acceleration  of  single  bunches  of  electrons  at 
high  gradients,  powered  by  efficient  higli-peak-power  sources.  The  exact  length, 
gradient  and  rf  frequency  of  this  collider  linac  prototype  remains  to  be  ^losen, 
but  it  should  attain  a  minimum  energy  of  1  GeV  with  a  gradient  on  the  order  of 
100  MV/m. 

PEP  Storage  Ring  Program 

A.  Tht  Pttstnt  Prognm 

PEP  is  presently  operating  at  29  GeV  in  the  center-of-mass  with  high  peak 
average  luminosity.  The  best  peak  luminosity  to  date  is  3.2  x  1031  cnT'sec'1, 
and  the  average  integrated  luminosity  has  regularly  exceeded  1  picobarn~1/d,ay* 
The  experiments  had  accumulated  approximately  250  pb"1  worth  of  data  at  29 
GeV  as  of  June  1984.  The  full  complement  of  detectors  includes  the  Mark  II 
(SLAC,  LBL,  Harvard);  MAC  (Colorado,  Northeastern,  SLAC,  Utah,  Wiscon- 
sin); DELCO  (CaTTech,  SLAC,  Stanford);  HRS  (ANL,  Indiana,  LBL,  Michigan, 
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Purdue,  SLAC);  TPC  (John  Hopkins,  LBL,  Tokoyo,  UCLA,  UCR,  Yak);  and  2 
Gamma  (Netherlands  UCLA,  UCSB,  UCSD).  In  1084  the  change*  in  thb  ex- 
perimental setup  hare  been  an  upgrade  of  the  TPC  solenoid  torn  5  kg  to  a 
tuperconductinf  coil  at  15  kg,  and  replacement  of  the  Monopole  Search  by  a  new 
experiment,  ASP  (SLAC,  MIT,  Washington). 

B.  J^ture  Possibilities 

The  thrust  of  the  physics  program  has  been  to  accumulate  one  very  large 
data  sample  at  one  energy,  rather  than  to  spiead  data-taking  over  an  energy 
range  already  scanned  at  PETRA.  The  future  program  depends  cn  th*  outcome 
of  the  analysis  of  these  data  and  could  Include  further  large  data  seta  at  different 
energies.  In  planning  for  the  future  we  have,  therefore,  kept  several  options  open. 
Engineering  and  accelerator  physics  studies  have  been  carried  out  to  clarify  the 
costs  and  expected  performance  at  significantly  higher  energies;  vis,  40  and  46 
GeV  in  the  centerof-mass.  In  addition,  studies  have  been  initiated  in  the  use  of 
superconducting  and  permanent-magnet  quadrupoles  inside  the  large  detectors  to 
further  lower  the  beta  functions  and  thus  increase  the  luminosity  (  "microbe  ta"). 
A  similar  program  at  SPEAR,  which  involves  only  a  single  large  detector,  is  giving 
valuable  experience  in  the  engineering  and  physics  problems  of  tnese  techniques. 

Last  year  a  committee  of  experimental  and  theoretical  physicists  identified 
possible  future  PEP-upgu  Je  proartms  and  prepared  recommendations  on  prior- 
ities. After  carefrl  consideration  of  th*  physics  prospects  and  technical  possibili- 
ties, the  committee  concluded  that  unless  a  new  threshold  is  otw*s-*d  within  the 
energy  rsnge  accessible  to  PEP,  there  is  insufficient  justification  for  tfcs  expense 
and  effort  involved  with  th*  energy  up^de*.  However,  they  were  unanimous  in 
recommending  that  a  program  of  luminosity  upgrades  should  be  pursued,  a*  this 
would  improve  .lie  physio*  programs  undei  study  much  more  than  &a  increase  in 
cetite*  ^.-ma**  energy. 

We  note  here  that  the  Mark  3  detector,  presently  at  PEP,  will  be  upgraded 
and  moved  to  the  ni* '  SLC  mach'ne  :n  time  for  first  operation  Ui  late  1986. 
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In  addition,  the  DELCO,  MAC  and  ASP  programs  may  be  complete  by  that 
time.  This  has  opened  the  possibility  for  a  new  approach  to  lower  beta  optics, 
the  suni-maxi  scheme.  By  changing  the  symmetry  of  PEP  from  6-fold  to  3-fold 
we  can  have  3  symmetric  mini-beta  IR's,  while  the  other  three  have  very  large 
beta  functions.  This  alleviates  the  problem  of  chromatic  correction  and  allows 
the  mini-beta  regions  to  be  designed  with  conventional  quadrupoles  close  to  but 
still  outside  the  detectors.  This  mini-maxi  scheme  is  presently  in  the  engineering 
design  rtage. 

In  addition,  construction  has  begun  on  a  synchrotron  light  facility  at  PEP.  By 
late  1985  a  high  energy  x-ray  line,  emanating  from  an  undulator  in  a  symmetry 
straight  section,  will  be  available  in  a  new  building  outside  the  r^P  shielding, 
x-ray  energies  up  to  about  20  keV  with  useful  fluxes  will  'hen  become  i-'ailable, 
thus  opening  up  a  new  region  for  study. 

SPEAR  Storage  Ring  Program 

The  SPEAR  storage  ring  can  produce  electron-positron  collision  at  center-of- 
mass  energies  from  2  to  8  GeV,  with  peak  luminosity  of  about  3  x  l(fx  cm~*sec~l. 
By  agreement  between  SLAC  and  the  Stanford  Synchrotron  Radiation  Labora- 
tory (SSRL),  the  running  time  at  SPEAR  is  divided  equally  between  SLAC's 
high  energy  physics  research  and  the  br^ad  program  of  studies  carried  out  by 
SSRL's  research  community.  We  review  briefly  here  the  present  particle-physics 
program  and  some  possible  future  aiodifications  to  the  SPEAR  facility.  We  also 
include  a  short  summary  of  SSRL  *  plans  for  its  future  facilities. 

A.  The  Partic/e  Physics  F'ttfram 

Particle-physics  research  in  the  SPEAR  energy  region  is  described  elsewhere 
i  \  this  Plan.  We  note  that  the  Crystal  Ball  detector  has  been  moved  to  the 
DORIS  otorage  ring  at  ;he  DESY  laboratory  in  Hamburg,  Germany,  after  a 
very  suzcrsful  career  at  SPEAR.  The  Mark  III  detector  was  installed  in  the 
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west  interaction  region  at  SPEAR  in  the  summer  of  1081,  and  since  that  time 
has  been  encaged  in  productive  experimentation.  Much  of  the  early  work  has 
been  concerned  with  studies  of  the  production  and  decay  of  meson  pairs,  with 
SPEAR  operating  at  a  collision  energy  of  3.77  GeV.  The  present  program  calls 
for  the  accumulation  of  more  data  at  this  energy,  and  also  for  running  at  t*ie  psi 
resonance  energy  of  about  3.1  GeV. 

The  energy  region  from  about  3  to  4.5  GeV  is  so  rich  that  a  great  deal 
more  work  will  be  required  to  understand  all  the  observed  phenomena.  Thus  a 
productive  program  of  studies  can  be  visualized  for  the  Mark  III  that  extends 
throughout  the  period  of  this  projected  Plan.  Later  work  will  include  studies 
of  the  tau  lepton  and  of  charmed  baryons,  as  well  as  a  definitive  study  of  the 
charmed/strange  F  meson. 

During  1084  a  micro-beta  system  has  been  installed  in  SPEAR,  which  will 
increase  the  luminosity  by  a  factor  of  3  to  5.  New  quadrupoles  have  been  installed 
close  to  the  interaction  points.  This  requires  special  compensation  coils  to  isolate 
the  magnetic  field  of  the  detector  from  the  quadrupoles. 

B.  Future  Possibilities 

Mark  III  upgrade.  Several  relatively  minor  changes  in  the  Mark  III  detector 
are  being  considered.  These  include  &  new  vertex  detector. 

Upgraded  or  special  detector  for  SPEAR.  It  is  unlikely  that  the  richness  of 
e+e~  physics  in  the  SPEAR  energy  region  will  be  exhausted  by  the  middle  of 
the  decade.  We  foresee  that  ir  1985  or  1986  it  may  be  desirable  to  continue 
SPEAR  physics  using  a  substantially  upgraded  general-purpose  detector  or  a 
special-purpose  detector.  The  special-purpose  detector  might  use  a  large-solid- 
angle  Cerenkov  counter  to  emphasize  the  physics  of  electrons  and  kaons  in  the 
final  state;  or  it  might  use  sodium-iodide  counters  to  emphasize  photon  physics; 
or  it  might  emphasize  some  aspect  e+e*"  physics  that  is  still  unknown.  It  is 
possible  that  a  detector  from  PEP  might  be  refurbished  for  these  purposes. 

C.  Synchrotron  Radiation  Programs 
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SPEAR  provider  radiation  sources  for  the  Stanford  Synchrotron  Radiation 
Laboratory,  a  DOEfunded  laboratory  operated  by  Stanford  University.  At  the 
beginning  of  1983  there  were  five  beam  lines  operating,  three  originating  in  bend- 
ing magnets  and  two  in  eight-pole  wiggler  magnets.  In  1984  a  sixth  beam  line 
became  available,  originating  in  a  54-poIe  variable-gap  permanent-magnet  wig- 
gler. In  the  summer  of  1983,  two  new  straight  sections  became  available  for 
source  development  by  the  removal  of  the  rf  cavities  occupying  those  straight 
sections.  The  full  energy  capability  of  the  storage  ring  was  maintained  by  power- 
ing the  remaining  two  rf  cavities  with  higher  power  klystrons.  Additional  beam 
line  developments  are  being  planned  in  collaboration  with  outside  groups. 

SSRL  has  received  construction  funds  for  several  modifications  to  the  SPEAR 
facility  that  will  improve  the  utility  of  the  storage  ring  as  a  synchrotron 
source.  These  include  lattice  changes  to  reduce  the  emittancc,  new  in-vacuum 
wiggiers  that  will  produce  high-brightness  radiation  at  8  keV,  and  some  changes 
intended  to  improve  the  positional  stability  of  the  beam. 

The  Fixed- Target  Program 

A.  Accelerator  C*p*bHity 

The  program  for  accelerator  energy  upgrading  with  SLED  I  and  SLED  II 
has  aheady  been  described.  The  relevant  linac  beam  parameters  for  fixed-target 
experiments  are  summarixed  below. 


Standard 


SLED  I 


SLED  n 


Maximum  Energy  (GeV) 
Pulse  Width  (Msec) 
Repetition  Rate  (pulse/sec) 
Intensity  (e/pulse) 


23 


33 


50 


1.6 


0.2 


0.2 


360 


360 


180 


5  x  101 


2  x  10n 


3  x  10n 


B.  Experimental  Facilities 


1.  Present  Status 
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The  SLAC  machine  remains  the  highest  energy  and  intensity  electron  accel- 
erator in  the  world.  Although  the  Fermilab  and  CERN  synchrotrons  can  produce 
electron  and  photon  beams  of  greater  energy,  their  intensity  is  very  much  less, 
and  the  beams  have  a  significantly  larger  inherent  phase  space.  Similar  remarks 
apply  to  positron  beams.  The  SLAC  accelerator  also  provides  longitudinally 
polarized  electrons,  and  transverse  as  well  as  circularly  polarised  photons. 

As  a  result  of  U  e  SLED  I  program,  the  SLAC  accelerator  has  achieved  beam 
energies  up  to  33  GeV.  The  beams  presently  available  for  physics  include  elec- 
trons, positrons  «tnd  photons  to  End  Station  A;  positrons  in  test  beam  line  19; 
pions,  electron*  and  muons  in  test  beam  line  6;  pions,  kaons  and  antiprotons  in 
test  beam  line  21;  and  monoenergetic  photons  for  tests  in  beam  line  27. 

SLAC  can  also  pro.. je  high-quality  muon  and  neutral-kaon  beams.  The 
muon  beams  at  SLAC  are  cleaner  (smaller  halo)  because  they  are  derived  directly 
from  muon-pair  production  in  a  small  target,  rather  than  from  pion  decay.  The 
neutral- kaon  beams  are  much  freer  from  neutron  background. 

2.  Future  Possibilities 

(a)  Polarized  electrons.  An  aspect  of  SLAC  physics  of  considerable  interest 
is  the  use  of  very  intense  beams  cf  nolrjixed  electrons  to  explore  the  interference 
between  the  weak  and  the  electromagnetic  interactions.  The  SLAC  polarized 
source  (PEGGY  II)  has  operated  with  beam  polarization  up  to  50??  and  with 
intensities  equal  to  those  of  the  full  conventional  linac  beam.  An  earlier  source 
(PEGGY  I)  achieved  polarization  approaching  100%  but  at  intensities  two  orders 
of  magnitude  lower.  Work  is  underway  to  improve  the  polarization  of  PEGGY 
II  to  above  80%. 

The  observation  of  parity  violation  due  to  EM-weak  interference  opens  up 
a  new  field  for  investigation.  It  is  worth  noting  that  because  of  the  extremely 
small  asymmetry  measured  (a  basic  asymmetry  of  2  X 10"4  with  the  current  kine- 
matic variables),  the  'quired  statistical  accuracy  precludes  conventional  count- 
ing methods.   Rather,  the  light  corresponding  to  many  events  for  each  puke 
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produced  by  C?rcnkov  radiation  or  by  scintillation  in  a  thowcr  detector  is  inte- 
grated. This  technique  is  also  applicable  with  the  reduced  duty  cycle  of  SLED 
beams. 

(b)  Muon  beams.  High-intensity  muon  beams  with  small  halos  will  be  avail- 
able frcs:  the  SLED  I  upgraded  SLAC  accelerator  at  momenta  up  to  25  GeV/c. 
The  muon-pair  production  mechanism  carries  with  it  the  advantage  that  contam- 
inating pions  can  readily  be  removed  by  Interact  ion,  so  that  ptaa/muor.  ratios  of 
less  than  10~2  are  relatively  easy  to  achieve.  These  parameters  make  it  possible 
to  extend  the  studies  of  hadron  states  produced  in  elastic  lepton  scattering  to 
large  effective  masses,  W.  Previous  studies  have  shown  that  for  W  <  2  GeV, 
inelastic  lepton  scattering  shows  no  particular  distinguishing  structure  in  these 
final  states.  But  this  is  unlikely  to  remain  the  case  for  the  higher  multiplicity, 
larger  W  events  that  ecu  be  reached  with  SLED  energies. 

(c)  Nuclear  physics  at  SLAC.  NPAS  is  a  program  of  nuclear  structure  ex- 
periments at  SLAC  funded  by  the  Department  of  Energy  within  the  U.S.  nuclear 
physics  program.  It  is  based  on  the  availability  of  an  intense  electron  beam  in  tue 
energy  range  0.5  to  approximately  6  GeV.  This  beam  is  produced  using  an  off-axis 
electron  gun  and  in-line  injector,  the  Nuclear  Physics  Injector  (NPI),  installed  at 
a  point  6  sectors  from  the  downstream  end  of  the  SLAC  linac.  The  maximum 
intensity  of  this  beam  is  larger  than  that  available  from  the  full  30  sector  linac 
when  operated  in  the  energy  range  below  6  GeV  due  to  the  decreased  effects  of 
beam  breakup  in  the  shorter  accelerator.  The  nuclear  structure  measurements 
are  carried  out  using  the  facilities  of  SLAC  Fid  Station  A. 

The  NPAS  program  is  administered  by  the  Associate  Director,  SLAC  Re- 
search Division,  with  the  raistance  of  the  NPAS  Coordinator.  A  Nuclear  Pro- 
gram Advisory  Committee  (NPAC)  is  primarily  responsible  for  program  deci- 
sions. The  Chairman  of  the  NPAC  advises  the  Associate  Director  of  program 
decisions,  and  the  Associate  Director  has  final  power  of  approval.  The  NPAS 
program  is  open  to  competitive  proposals  from  all  qualified  experimenters.  The 
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nuclear  structure  experiments  are  carried  out  within  the  financial  constraints  of 
the  NPAS  budget,  and  within  the  constraints  of  SLAC's  resources  and  operating 
schedule. 
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V.  Laboratory  Resources 


A.  Personnel  Resources 

(1)  Historical  Pattern.  Figure  V-l  shows  the  employment  pattern  at  SLAC 
since  FY1974.  This  figure  shows  the  tail  end  of  a  steady  decline  in  staff  corre- 
sponding to  a  period  of  declining  resources  in  the  first  half  of  the  1970's.  Since 
that  time  there  has  been  a  gradual  increase  to  the  present  staffing  level.  The 
growth  in  staff  through  FY1982  is  attributable  to  the  effort  involved  in  the  con- 
struction of  the  PEP  storage  ring  and  its  experimental  facilities,  and  to  their 
ongoing  operation.  The  total  staff  increase  required  by  PEP  was  approximately 
235  people  distributed  between  the  Technical  aad  Research  divisions.  These 
people  are  presently  involved  either  directly  in  the  operation  of  the  PEP  ring,  or 
indirectly  in  facility-support  roles.  The  continuation  of  the  gradual  growth  trend 
through  FY1984  (and  beyond)  reflects  the  construction  needs  of  the  SLC  and  its 
experimental  facilities. 

Figure  V-2  shows  the  mix  among  blue-collar,  clerical  and  professional  staff 
at  SLAC  during  the  period  from  FY1978  through  the  middle  of  FY1984.  As 
shown,  the  ratio  of  blue-collar  to  professional  staff  has  remained  roughly  constant. 
However,  Figure  V-2  also  indicates  that  the  number  of  outside  user  residents  at 
SLAC  has  grown  from  approximately  60  to  190  during  this  same  period,  As  a 
result,  there  has  been  some  reduction  in  the  level  of  support  services  that  can  be 
provided  to  both  ia-house  and  outside  experimental  groups.  Most  notable  is  the 
lack  of  space  (especially  office  and  light  lab  space)  to  properly  house  our  resident 
population.  More  on  this  in  the  next  section. 

(2)  Projected  Staffing  Plans.  Consistent  with  the  recommendations  of  SLAC's 
Scientific  Policy  Committee,  the  number  of  SLAC  and  other  Stanford  University 
experimental  physicists  will  be  permitted  to  increase  from  the  current  number  of 
65  full-time  equivalents  to  about  75  by  FY1986  (the  total  number  of  individuals 
involved  will  approach  100).  At  the  ^ame  time,  a  survey  of  the  experimental 
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Figure  V-2 
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opportunities  and  needs  in  FY1986  indicates  that  a  total  of  about  580  experi- 
mentalists will  be  active  at  SLAC.  Of  these,  75  possibly  will  come  from  foreign 
countries.  We  anticipate  that  this  increase  in  user  population  will  intensify  our 
already  severe  space  and  other  support  problems. 

Given  the  totality  of  the  programs  supported  at  SLAC,  we  anticipate  that 
our  total  regular  personnel  will  grow  by  about  &-7%  by  the  end  of  FY1986  and 
level  off  afterwards.  Figure  V-3  shows  the  personnel  requirements  for  the  techni- 
cal program  through  FY1990.  Included  in  this  personnel  growth  are  engineers, 
designers,  technicians,  buyers,  contract  administrators,  ate.  There  will  also  be 
a  temporary  increase  in  shop  staffing  during  this  period  in  order  to  meet  the 
requirements  of  in-house  fabrication  of  certain  technical  components  of  the  SLC; 
the  actual  size  of  this  increase  will  depend  upon  the  outcome  of  the  many  "make 
or  buy*  decisions  that  are  being  made  for  the  various  SLC  components.  We  will 
adjust  this  growth  so  that  it  matches  our  total  needs  after  completion  of  the  SLC. 
We  expect  to  accommodate  the  peak  personnel  load  during  the  construction  pe- 
!  riod  through  a  combination  of  temporary  employees  and  subcontracts.  Further 
|  additions  to  the  total  staff  are  not  expected  at  the  beginning  of  SLC  operation 
in  FY1987.  SLC  operations  will  be  integrated  into  the  present  linac/storage  ring 
control  system,  and  facilities  support  for  SLC  experiments  is  expected  to  come 
from  a  reduction  in  the  requirements  of  the  fixed-target  physics  program. 

(3)  Personnel  Recruiting.  Besides  the  additional  personnel  requirements  for 
the  SLC  project,  it  is  also  necessary  to  recruit  due  to  normal  turnover  at  a  level 
consistent  with  that  experienced  over  the  past  several  years.  SLAC  is  located 
at  the  northern  end  of  the  "Silicon  Valley*  which  is  home  to  numerous  high 
technology  companies.  Because  of  SLAC's  proximity  to  these  companies,  stiff 
competition  is  anticipated  in  obtaining  the  high  quality  staff  demsnded  by  the 
Laboratory's  prOfc.«u&s;  some  technical  disciplines  will  be  especially  difficult  to 
fill.  Those  that  are  identified  at  this  time  are  technicians,  electronic  and  electrical 
engineers,  and  computer  programmers. 
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(4)  Professional  Stiff.  Of  the  roughly  720  full-time  profession*!  employees, 
about  28%  have  bachelor  degrees,  17%  have  masters  or  some  professional  degree, 
and  25%  hold  doctorates.  Figure  V-4  shows  the  distribution  of  years  since  bac- 
calaureate and  years  since  the  highest  degree  received  by  the  full-time  permanent 
professional  employees.  Among  the  doctorates,  who  are  mostly  physicists,  over 
a  third  received  their  doctorates  less  than  ten  years  ago. 

B.  Overview  of  Space  Requirements 

The  major  space  shortage  at  SLAC  continues  to  be  offices  and  light  labora- 
tories. These  have  been  in  chronic  short  supply  for  a  number  of  years,  and  tb*re 
are  several  known  factors  (described  b#!ow)  that  are  expected  to  affect  this  re- 
quirement over  the  period  of  this  plan.  Some  of  these  changes  have  an  immediate 
impact  upon  the  laboratory,  while  others  are  contingent  upon  one  or  more  future 
developments. 

As  PEP  operation  began  the  requirements  for  office  and  light  laboratory 
space  projected  into  the  1980's  considerably  exceeded  the  capacity  of  existing 
facilities.  Use  of  the  SLAC  facilities  in  earlier  years  was  characterized  by  an 
approximately  equal  balance  between  inside  and  outside  users.  Now,  however, 
with  nationwide  focus  on  SLC  and  PEP,  and  with  the  reduction  of  the  number 
of  large  high  energy  physics  laboratories  in  the  U.S.,  SLAC  has  experienced  a 
growth  in  in-house  staff  and  user  "colonies".  The  trend  is  very  pronounced  with 
groups,  for  example,  from  LBL,  the  mid-west  universities,  several  branches  of 
the  University  of  California,  the  Netherlands,  Japan  and  the  People's  Republic 
of  China.  This  has  already  resulted  in  more  than  a  doubling  of  the  outside  user 
population  in  residence  at  the  laboratory  since  FY1979.  This  increase  in  outside 
userc  exceeds  the  capacity  of  existing  facilities.  In  addition,  some  provision  must 
be  made  to  house  those  engineers,  designers,  and  technicians  who  are  located  in 
"PEP  City*.  Additional  office  and  light  laboratory  space  L  greatly  needed. 

(1)  Office  Space.  The  in-residence  user  population  at  SLAC  has  now  grown 
*o  a  level  of  about  190  and  is  expected  to  remain  approximately  level  at  that 
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number  through  FY1986.  Our  present  user  population  b  rather  uncomfortably 
housed  in  an  average  of  55  net  square  feet  per  r^rson,  which  is  about  one-half 
the  space  occupied  by  a  regular  employee.  We  would  like  to  increase  the  average 
user-space  allocation  to  approximately  90  net  square  feet.  To  do  so  will  require 
the  equivalent  of  25  new  offices. 

SLAC's  Central  Laboratory  and  Central  Laboratory  Annex  provide  offices 
and  light  laboratories  for  most  of  the  laboratory's  experiment  oups.  As  the 
number  and  size  of  experimental  collaborations  has  increased,  ^e  overcrowding 
in  these  buildings  has  become  acute.  Currently,  there  are  325  office  dwellers 
housed  in  260  offices  at  an  average  of  88  square  feet  per  person.  To  relieve  this 
overcrowding  will  require  an  additional  65  offices. 

The  advent  of  the  SLAC  Linear  Collider  ultimately  will  add  approximately 
125  full-time  employees  to  the  SLAC  staff,  and  much  of  that  increment  is  already 
on  site.  Half  of  these  employees  require  office  space  of  some  sort.  ToaccomL  idate 
this  growth  SLAC  will  need  an  additional  35  office  spaces  and  the  user  population 
growth  attributable  to  the  SLC  will  require  an  additional  20  offices. 

Finally,  we  expect  that  SLAC  will  gradually  augmenv  its  particle-physics  staff 
by  approximately  15  to  20  experimentalists  in  order  to  more  adequately  exploit 
the  laboratory's  increased  physics  potential.  Each  will  require  an  office. 

Presently,  all  permanent  offices  in  the  laboratory  are  occupied.  Table  V-l 
summarises  the  incremental  office  space  needs  of  the  laboratory  over  the  period 
of  this  plan. 

(2)  Light  Laboratory  Space.  The  second  area  of  chronic  deficiency  at  SLAC 
is  light  laboratory  space  for  both  SLAC  groups  and  outside  users.  The  demand 
for  light  laboratory  space,  like  the  demand  for  offices,  greatly  increased  as  more 
outside  users  began  experimental  physics  at  PEP.  Furthermore,  SLC  will  add  to 
light  laboratory  needs,  as  will  the  increased  emphasis  upon  Advanced  Accelera- 
tor R&D  and  the  advent  of  a  viable  program  in  Nuclear  Physics.  SLAC  has  a 
current  inventory  of  approximately  20,500  square  feet  of  light  laboratory  space, 
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Incremental  Office  Needs 


Users  presently  In  temporary  facilities 

User  decompression 

Users  presently  in  the  warehouse 

Linear  Collider  users 

SLC  related  staff  growth 

Addition  of  20  physicists 

Central  Lab  decompression 


20 
25 
57 
20 
35 
20 
65 


Net  before  PEP  City  removal 


242 


Remove  PEP  City 


117 


Total  incremental  SLAC  office  space  need 


359 


Table  V-l 


and  a  projected  need  for  an  additonal  10,000  square  feet.  SLAC's  space  needs 
have  grown  quite  acute,  and  it  is  imperative  that  more  adequate  facilities  be 
provided  to  accommodate  the  enlarged  physics  community  projected  for  SLAC. 
Since  funding  for  facilities  development  within  the  high  energy  physics  program 
has  been  severely  limited  over  the  past  few  years,  SLAC  has  embarked  on  *  se- 
ries of  General  Plant  projects  to  address  this  need.  These  projects  are  discussed 
below.  Total  space  requirements  are  summarized  in  Table  V-2. 

(3)  GPP.  As  discussed  in  section  A  above,  space  needs  are  a  critical  prob- 
lem for  the  laboratory,  and  a  line  item  construction  project  would  be  the  most 
satisfactory  solution  to  our  foreseeable  requirements.  However,  the  space  prob- 
lem must  be  solved,  with  or  without  a  line  item  construction  project,  and  the 
assumption  made  here  is  that  the  solution  will  ultimately  have  to  be  substan- 
tially GPP-financcd.  There  are,  to  be  sure,  other  requirements  extant  within  the 
laboratory  which  are  appropriate  for  accomplishment  with  GPP  funds,  but  the 
urgency  of  SLAC's  space  requirement  has  necessitated  the  deferral  of  some  of 
this  work. 
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SLAC  estimates  that  over  the  period  of  this  report  there  will  be  a  need 
for  approximately  48,500  square  feet  of  office  space  and  15,000  square  feet  of 
light  laboratory,  conference  and  drafting  room  space.  Thb  would  be  sufficient 
to  house  about  360  people,  at  a  density  of  135  gross  square  feet  per  person.  To 
meet  this  need  SLAC  is  currently  planning  to  undertake  a  series  of  GP  projects, 
spanning  the  period  of  this  plan,  that  will  include  construction  of  new  facilities 
and  expansion/renovation  of  existing  buildings.  Projects  included  in  this  plan 
are: 

(a)  Central  Labon  ^ry  Annex  Fill-in.  This  project  is  currently  under  con- 
struction and  will  fill  in  an  alcove  in  the  Central  Laboratory  Annex  created  when 
the  building  was  contracted  around  an  existing  tree  which  has  since  died.  It  will 
provide  approximately  4,300  square  feet  of  office  and  light  laboratory  space. 

(b)  Mezzanine  Addition  to  General  Services  Building.  This  project  would 
convert  the  General  Service*  Building  mezzanine  to  open  area  office  space.  It 
would  provide  approximately  6,000  square  feet  of  office  space. 

(c)  Third  Floor  Addition  to  the  Central  Laboratory  Annex.  This  project 
would  add  a  third  floor  to  the  Central  Laboratory  Annex.  This  9,600  square 
foot  additon  would  provide  office  space  for  about  fifty  people  and  woxsid  con- 
tribute, in  conjuction  with  the  previous  items,  toward  a  solution  to  SLACs  space 
requirements. 

(d)  Conversion  of  Existing  Warehouse  «o  Officc/iighi  Laboratory  Space.  With 
the  completion  of  SLC  magnet  production,  the  SLC  magnet  assembly  facility  will 
be  converted  to  use  as  a  warehouse.  The  present  warehouse  will  then  be  upgraded 
to  provide  approximately  20,000  square  feet  of  office/light  laboratory  space. 

In  addition  to  the  space  related  GP  projects,  GPP  funds  will  be  utilized  to 
upgrade  support  facilities  consistent  with  programmatic  needs  and  experimental 
objectives.  Projected  GPP  requirements  are  summarized  in  Table  V-3. 

(4)  AIP.  During  the  period  of  this  plan,  the  major  items  in  SLAC's  Accelera- 
tor Improvement  Program  are  related  to  the  use  of  the  linac  as  an  injector  for  the 
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Summary  of  Construction  Budget 
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SLC,  and  to  full  utilization  of  the  SLED  U  mode  of  the  linac.  This  program  will 
upgrade  the  linac  instrumentation  and  control  (I  k  C)  system  and  the  radiofre- 
quency  and  beam  line  components,  through  Sector  30,  to  handle  highly  confined 
beams.  These  improvements  will  result  in  real  time  computer  monitoring  and 
accelerator  control  of  beam  position  and  steering,  and  focusing  and  rf  control  of 
klystrons.  In  addition  to  the  I  k  C  improvements  on  the  linac,  new  beam  diag- 
nostic instrumentation,  to  detect  collider-type  beams  out  of  the  accelerator,  may 
be  installed  in  the  beam  switchyard.  Also  planned  is  an  upgrading  o*  the  pulsed 
magnet  group  in  the  front  end  of  the  switchyard.  This  work  is  for  the  purpose  of 
deflecting  collider  energy  into  one  or  more  beam  switchyard  transport  systems. 
At  least  one  major  beam  line  will  be  upgraded  to  tnc  50  GeV  level.  Projected 
AIP  funding  required  over  the  period  of  this  plan  is  shown  in  Table  V-3. 
C.  Central  Computer  Facilities 

(1)  Eresent  Facilities.  The  SLAC  central  computer  facility  is  based  on  an 
IBM  3081-K  dyadic  processor  with  24  megabytes  of  main  memory.  It  is  connected 
to  a  large  pool  of  disk  space  consisting  of  forty-four  3380  dwk  volume*,  twenty- 
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two  3359  drives,  and  four  3330-1  units,  providing  a  gross  capacity  of  roughly 
thirty-five  gigabytes  of  random-access  storage.  Other  peripherals  available  to  the 
processor  include  eighteen  1600/6250  bpi  tape  drives,  three  low-speed  low-density 
tapes,  and  a  Model  3800  page  printer.  A  block  diagram  of  this  configuration  is 
given  in  Figure  V-5.  The  basic  operating  system  is  IBM  VM/SP  with  slight 
modifications. 

SLAC  has  a  rather  extensive  on-site  data  communications  network  (illus- 
trated in  Figure  V-6)  which  also  provides  some  off-site  access.  Roughly  700 
on-site  ASCII  terminals  gain  access  to  the  central  facility  (through  several  front- 
ends)  via  a  MICOM  digital  switch.  These  terminals  can  also  dial  out  on  the 
phone  system,  use  TYMNET  to  connect  to  other  sites,  and  connect  to  Fermi- 
lab  computers  through  a  leased  line  with  statistical  multiplexors.  Off-site  users 
also  connect  to  the  switch  via  dial-up  or  leased  phone  lines,  commercial  Tymnet 
service,  microwave  link  from  Lawrence  Berkeley  Laboratory  or  leased  lines  with 
statistical  multiplexors.  The  switch  then  provides  access  to  the  central  facility 
through  two  IBM  3705  front  ends  and  five  Series/ 1  systems  providing  full-screen 
emulation.  There  are  approximately  one  hundred  ninety  3278-equivalent  termi- 
nals directly  linked  to  five  3274-type  controllers.  In  addition  to  the  above,  there  is 
also  an  Ethernet,  which  provides  terminal  to  computer  connection  and  computer 
to  computer  connection. 

(2)  Expansion  Plans.  The  planned  major  expansions  are  based  on  a  fore- 
cast of  computation  requirements  dnnng  the  coming  years.  Figure  V-7  shows 
SLAC's  historical  usage  and  installed  capacity  for  the  past  several  years.  Our 
needs  will  increase  by  50%  by  FY1988,  primarily  because  of  design  and  analysis 
activities  associated  with  SLC.  This  will  require  upgrades  to  our  present  system 
as  indicated  below. 

(a)  FY1985  Upgrade.  The  upgrade  of  the  IBM  3081-K  to  an  IBM  3084,  or 
equal,  will  provide  about  24,000  NSU's  (normalized  service  units)  more  capacity 
(i.e.,  1.8  times  a  3081-K)  requiring  no  facility  modifications  and  no  new  software. 
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Figure  V-6 
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Figure  V-7 
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Prior  to  the  acquisition  of  the  3084,  or  equal,  a  smaller  computer  will  be  required 
to  provide  additional  capacity  of  approximately  5,200  NSU's.  The  upgrade  would 
be  a  sole  source  procurement  using  purchase  or  lease-to-ownership  lince  it  would 
be  an  upgrade  of  an  existing  system. 

(b)  System  Replacement  in  FY1988.  A  single  system  with  upward  compat- 
ible VM  software  and  considerably  faster  disks  will  be  acquired.  The  Model 
3084,  or  equivalent,  Its  contemporary  peripherals  and  the  smaller  interim  com- 
puter will  be  released  av  this  time.  This  new  system  will  provide  a  capacity  of 
approximately  75,000  NSU's. 

D.  Energy  Consumption  and  Costs 

Table  V-4  is  a  historical  depiction  of  SLAC's  energy  sources  and  costs.  Since 
electrical  energy  is  the  most  important  component  of  energy  usage,  this  com- 
modity is  discussed  separately  in  the  next  section.  The  section  following  that 
projects  all  energy  consumption  and  costs  at  SLAC  through  1990. 

(1)  Electrical  Energy:  Throughout  its  existence  SLAC  has  received  its  elec- 
trical energy  from  two  sources:  the  Western  Area  Power  Administration  (WAPA, 
formerly  the  Bureau  of  Reclamation)  and  the  Pacific  Gas  and  Electric  Company 
(PG  &  E).  WAPA  energy  is  provided  to  SLAC  in  three  components.  The  first 
component  is  an  allocation  of  25  MW  of  firm  power.  The  second  component  is 
an  allocation  of  withdrawable  power  which  presently  amounts  to  14.3  MW.  The 
third  component  is  an  allocation  of  diversity  power  which  presently  amounts  to  6 
MW.  Therefore,  at  present  (October,  1984)  the  total  WAPA  allocation  to  SLAC 
is  45.3  MW.  The  unit  cost  of  WAPA  power  is  currently  18.95  mills  per  kilowatt 
hour  phis  $  3.75  per  month  for  each  kilowatt  of  peak  demand.  The  history  of 
WAPA  rate  changes  from  1964  to  the  present  is  presented  in  Table  V-5. 

All  SLAC  electrical  energy  resulting  from  a  power  demand  above  45.3  MW 
is  obtained  from  PG  k  E  at  a  rate  that  is  presently  59  mills  per  kilowatt  hour. 
The  PG  k  E  rate  is  a  combination  of  two  principal  components:  a  basic  energy 
charge  that  is  presently  17  mills  per  kilowatt  hour  and  a  fuel  adjustment  charge 
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TABLE  V-4 

HISTORICAL  ENERGY  CONSUMPTION  AND  COST 
Then  Yesr  Dollars  in  Thousands 

FYM76/ 

FY1976T     FY1977       rY1978       FY1979       FY19B0       FY1981       FY1982       171963  FY1984 


Electricity: 

CVH  2  33  206  210  174  192  268  240  283  227 

Dollars  1,151  676  1,206  1,324  1,633  3,098  2,404  2,626  4,331 

Shifts  740             568  669  658  727  709  686  769  570 


Natural  Gff  (MCF)  63.3  52.9  55.1  54.5          50.7  46.1  44.4  46.2  46.0 

DolUrt  140.0  1  53.0  1  76  .  0  1  94  .  0  2  81.6  304.4  321. 3  375.6  367.0 

Proptne  (1,000  Ctl.)  6.0  9.0  6.0  10.0         23.1  7.6  6.6           7.9  7.4 

Dolltrt  2.8  3.5  2.5           4.2          11.4  4.8  4.5           6.3  6.1 


Diesel  (1,000  Csl.)  3.6  5.0  6.0  8.0  3.0  7.0  7.0  8.0  6.1 

Oollsrs  2.0  3.0         4.6  8.8  3.4  6.0  7.0  12.8  6.1 


Gasoline  (1,000  Gal.)        32.2  29.7        33.5  39.6  39.2  37.1  36.4  36.2  30.2 

Dollars  11.0  11.6        13.2  29.0  50.0  45.4  44.8  43.2  33.7 
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VAPA  Kate  Changes  at  SLAC 
Date  Dollars/kW 


June  1,  1964  (See  note  1) 

April  1,  1974 

November  1,  1976 

Hay  25,  1978  (See  note  3) 

October  11,  1979 

May  25,  1983 

October  1,  1983 

October  1,  1984 


$0.75 
$1.15 
$0.75 
$2.00 
$2.00 
$3.75 
$3.75 
$3.75 


mllls/kVh 

4.0,  3.0,  2.0  (See  note  2) 
3.0 

4.0,  3.0,  2.0  (See  note  2) 
4.2 
5.11 
8.53 
13.74 

18.95  (See  note  4) 


Notes: 

1.  No  contract  from  6/1/64  to  2/10/65 

2.  First  130  kWh's  9  4  sills,  next  130  kVh's  @  i  Mils,  and  balance  *  2  mills 

3.  Hay  25,  1978  -  Interin  rate  became  effective  to  offset  previous  losses. 

4.  Increases  are  additionally  proposed  for: 

October  1985  -  $3.75/kW;  27.97  mills/kWh 
October  1986  -  $3.75/kW;  31.44  aills/kUh 


Table  V-5 

that  currently  stands  at  42  mills  per  kilowatt  hour.  The  history  of  PG  &  E  rate 
changes  affecting  SLAC  is  shown  in  Figure  V~8. 

Table  V-6  shows  SLAC's  total  electrical  energy  consumption  and  cost  divided 
into  WAPA  and  PG  k  E  portions,  by  fiscal  year  since  1967.  The  last  column  of 
the  table  shows  the  average  unit  cost  of  total  SLAC  electrical  power  consump- 
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Table  V-6 


ELECTRICITY  CONSUMPTION  AND  COSTS 


erJc 


PEAK 
DEMAW) 

(MW) 


WAPA 
ALLOCATION 
(MW) 

POWER  CONSUMPTION 
(GWH) 

PCWER  COSTS 
($000) 

Effect! 

YEAR 


VAPA 

PC4E 

UAPA 

PC4E 

TOTAL 

MllJLg/l 

FY  1^6  8 

38.0 

25/35 

171 

17 

703 

105 

808 

4.3 

FY1969 

43.4 

35/38/45 

217 

3 

903 

11 

914 

4.2 

FY  1970 

SI. 6 

45/40 

208 

7 

884 

34 

918 

4.3 

FY1971 

50.8 

45/40 

231 

12 

995 

73 

1028 

4.2 

FY1 972 

59.2 

40 

213 

27 

871 

178 

1049 

4.4 

FY1973 

59.8 

40/38 

200 

31 

820 

226 

1046 

4.5 

FY1974 

54.5 

37.6 

217 

13 

874 

135 

1009 

4.4 

FY1975 

45.1 

37.6 

210 

3 

1028 

37 

1065 

5.0 

FY1976  (1 

44.6 

37.6 

232 

1 

1125 

26 

1151 

4.9 

FY1977 

46.5 

38.2 

202 

4 

785 

91 

876 

4.3 

FY1978 

49.6 

38.2/38.5 

203 

7 

986 

222 

1208 

5.8 

FY1'>79 

37.8 

38.5 

174 

0 

1324 

0 

1324 

7.6 

FYl9eO 

44.2 

38.75 

192 

0.1 

1623 

10 

1633 

8.5 

FY1981 

58.0 

38.75 

243 

25 

1955 

1143 

3098 

11.6 

FY1982 

48.2 

38.75 

231 

9 

1875 

529 

1404 

10.0 

FY1983 

53.1 

45.3 

278 

5 

2606 

222 

2828 

10.0 

FY19IU 
Noto:  (1) 

46.8 
d«t«  for  FY1976 

45.3 
include*  FY1976 

227 

T. 

.1 

4320 

11 

4331 

19.1 

o 
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tion.  Note  that  the  average  unit  cost  of  electricity  remained  between  4  and  5 
mills  per  kilowatt  hour  from  FY1965  through  FY1977.  The  coat  then  began  to 
rise,  reaching  19.1  mills  per  kilowatt  hour  in  FY1984.  Figure  V-9  displays  total 
electricity  costs,  and  total  electricity  costs  as  a  percent  of  SLAC  operating  costs. 

It  is  interesting  to  calculate  what  the  cost  of  electricity  would  have  been  if 
SLAC  had  found  it  necessary  to  purchase  all  its  electrical  energy  from  PG  U 
E.  For  the  period  FY1973  through  FY1984,  during  which  PG  U  E  rates  have 
increased  substantially,  the  additional  cost  would  have  been  about  $  69  million. 
For  FY1984  alone,  the  estimated  additonai  cost  of  PG  U  E  power  would  have 
been  about  $  9  million. 

According  to  WAPA  rules,  any  withdrawable-power  customer  whose  load 
exceeds  its  firm  power  allocation  at  a  time  when  the  total  WAPA  system  exceeds 
the  maximum  sustainable  level  is  subject  to  a  permanent  low  of  a  portion  of  its 
withdrawable  allocation.  Over  the  years,  SLAC  has  taken  unusual  care  to  avoid 
exceeding  its  firm  allocation  during  these  critical  periods.  As  shown  in  Table  V- 
7,  during  the  years  1972-1984  there  were  146  separate  occasions  on  *hich  SLAC 
reduced  its  total  consumption  to  less  than  25  MW.  Because  of  the  flexibility 
inherent  in  its  experimental  program,  SLAC  is  prepared  to  continue  such  load 
reductions  during  future  critical  periods. 

In  addition  to  these  "brownouts",  SLAC  has  scheduled  its  non-operating 
periods  in  a  manner  that  tends  to  minimize  power  consumption  during  critical 
summer  periods  and  during  the  last  half  of  December.  Table  V-7  also  shows  the 
scheduled  downtime  during  these  periods. 

(2)  Projection  of  i?uturc  energy  Consumption  and  cost:  Table  V-8  presents 
projections  through  FY1990  of  SLAC's  consumption  and  costs  for  enerrr  from 
all  sources.  The  dramatic  increase  in  power  cost  in  FY1987  and  beyond  is  caused 
by  the  demands  of  the  SLC.  In  arriving  at  these  numbers,  we  assume  that  all 
power  beyond  our  present  WAPA  allocation  comes  at  PG  &  E  rates. 
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Table  V-7 

S1AC  "BROWNOUTS"  AND  SCHEDULED  DOWNTIMES 


Scheduled  Downtime  (Days) 


ERIC 


Number  of 

Months  In  Which 

Year 

Brownouts 

Brownouts  Occurred 

May 

Jjne 

July 

Aug 

Sept 

Oct 

Dec 

1  972 

2 

July 

15 

12 

11 

15 

12 

7 

31 

1  97  3 

6 

Jul  y 

8 

13 

5 

31 

5 

17 

Jl 

1  974 

1 1 

June,  July 

8 

0 

7 

31 

0 

17 

1975 

10 

June,  July 

0 

0 

5 

31 

30 

7 

8 

1976 

24 

Hsy,  June,  July 

11 

0 

3 

31 

30 

7 

14 

1977 

8 

June 

0 

4 

31 

31 

30 

7 

13 

1978 

10 

May,  June,  July 

0 

0 

21 

31 

30 

8 

11 

1979 

12 

Hay,  June 

0 

1 

30 

31 

30 

21 

10 

1960 

34 

June,  July,  Sept,  Oct 

0 

3 

4 

31 

13 

0 

8 

(1)      (17)    (3)  (3) 

1981 

13 

June 

0 

0 

31 

31 

24 

0 

11 

(13) 

1982 

6 

Hay,  June 

0 

15 

31 

31 

30 

7 

4 

(3)  (3) 

19*3 

8 

Jan,  Hay,  June 

0 

0 

31 

31 

30 

0 

10 

(1)    W  (3) 

1984(1 

2 

July,  Sept 

31 

30 

31 

31 

30 

0 

9 

O  Total  146 


(1)  (1) 


1)  Both  I*  34  brownouts  occurred  during  scheduled  down  months;    limited  load  reductions  were 
accomplished.  1038 
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figure  V-8 


Figure  V-9 
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Tablt  V-6 

PROJECTED  ENERGY  CONSUMPTION  AND  COST 


FY1984 

FY1963 

FY 1966 

FY19B7 

FY19B6 

FY1  9 

FY 1990 

Elecvncity  (Costs  in  Millions  of 

Than  Year  Dollar*)! 

3*  Sector  Linec 
No.  of  1    60  PPS 
1  120  PPS 
t        1  160  PPS 

406 
164 

360 

360 
90 
0 

625 

625 

— 
623 

- 
623 

i  •  Shifti 
Sub-Tot  1  Power  Co»t 
1  BWH 

370 
4.3 

227 

360 

3.3 

222 

430 

^.0 
224 

62S 
17.7 
379 

ess 

19.3 
379 

625 
27. 5 
434 

62S 
30.2 
434 

6  Sector  (NPI> 
Shifts 
Power  Cost 
6WH 

- 

140 

0.2 
9 

160 
0.4 
12 

1B0 
0.6 
17 

160 
0.7 
17 

160 

0.8 
17 

180 
0.B 
17 

Total  Shifts 
Total  Powtr  Coit 
*  e 

370 
4.3 

13* 

700 
3.5 
IK 

630 
7.4 
IS* 

80S 
IB.  3 

80S 
20.0 

60S 

2B.3 

60S 
31.0 

Natural  Gai  (MGF ) 

30 

50 

50 

45 

50 

30 

30 

Cost  (FY8S  S's  X  1,000) 

466 

466 

466 

417 

466 

466 

466 

fvooane  (1,000  Gal.  > 

11 

13 

20 

10 

11 

11 

11 

Coit  (FY8S  »'»  X  1,030) 

11 

13 

20 

10 

1 1 

1 1 

1 1 

Dieiel  (1,000  Gal.  > 

9 

9 

9 

B 

8 

B 

B 

Coit  (FYB3  i't  X  1,000) 

11 

11 

11 

10 

10 

11 

11 

Gasoline  (1,000  6al.) 

35 

33 

35 

30 

35 

33 

35 

Coit  (FY85  V*  X  1,000) 

30 

30 

30 

42 

50 

50 

30 

Note:  For  power  •■tiM*tei,  «e  hava  aisuaad  a  43  KW  WAPA  allocation  tl.rouQhOut. 
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E.  Plwt  Maintenance 

The  basic  philosophy  in  SLAC's  site  maintenance  program  has  been  to  main- 
tain the  property  in  order  to  keep  long-term  operating  costs  low.  In  years  when 
operations  funding  was  insufficient,  the  laboratory  elected  to  perform  all  essential 
mainten.ince  and  defer  some  of  the  non-critical  items  without  impairing  the  safe 
operation  of  the  laboratory.  There  is  currently  a  small  backlog  of  maintenance 
items  which  were  funded  in  FY1984  but  not  completed  due  to  scheduling.  These 
items  were  not  considered  critical  and  did  not  result  in  any  deterioration  of  the 
facilities. 

The  SLAC  Plant  Officer  and  his  staff  establish  the  routine  maintenance  sched- 
ule, periodically  inspecting  the  buildings  and  grounds  to  identify  necessary  repairs 
and  maintenance.  All  work  is  then  prioritised  and  a  work  plan  for  each  fiscal 
year  is  established  according  to  the  funding  level. 

Table  V-9  provides  the  costs  of  the  plant  maintenance  program  planned  for 
FY1985  through  FY1990.  Spending  will  be  fairly  level  except  for  a  small  rise 
in  FY1987  and  FY1988  to  provide  paving  of  the  roads  to  the  klystron  gallery. 
Roofing  is  the  major  item  planned  throughout  the  entire  period. 
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Table  V-9 
SLRC  FACILITY  HMNTENANCE  WORK  PLAN 

(fy  i985t'«  k  i,eee> 


-Y1984* 

FY19B3* 

FY1986t 

FY1987 

FY1988 

FY1989 

FY199B 

Bui ldtngs  4  Grounds  taint  nance 

Central  Building 

•432 

•691 

•758 

•758 

•758 

•758 

•758 

HVfiC 

453 

49« 

538 

538 

538 

338 

538 

Janitorial 

475 

335 

587 

587 

587 

587 

587 

Lighting 

78 

87 

93 

93 

93 

93 

93 

LOCK    ■  •»»y 

42 

16 

© 

Scavenger 

31 

47 

52 

52 

52 

52 

52 

00 

Fir«  fllarw 

87 

122 

134 

134 

134 

134 

134 

Road*,  Parking  Lot 

223 

214 

235 

345 

488 

235 

23S 

Landscape 

177 

166 

182 

182 

182 

182 

182 

Utilities  Maintenance 

Electrical 

249 

249 

273 

273 

273 

273 

273 

Hechanical 

249 

249 

273 

273 

273 

273 

2?3 

TOTAL 

•  2.M8 

•2, 866 

*3,146 

•3,256 

•3,311 

•  3,146 

•3,  146 

ERIC 


Mn  than  year  dollars 

«£sc*lation  factortl.0976 

fVJ987  -  cY199tf>  in  constant  FY1986  Dollars 
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VI.  UNIVERSITY  AND  INDUSTRY  INTERACTIONS 

A.  ExtrMjnuraJ  Experimenters 

(1)  Users:  As  SLAC  completed  its  seventeenth  full  year  of  experimental 
research  operations,  the  degree  of  outside  user  participation  in  the  program  con- 
tinued at  a  high  level. 

During  FY1984,  a  total  of  45  outside  institutions  (31  U.S.  and  14  foreign) 
participated  in  the  SLAC  experimental  program.  The  distribution  of  experiments 
between  outside  users  and  in-house  SLAC  groups  during  FY1984  was  similar 
to  the  general  pattern  that  has  character ixed  the  SLAC  program  in  the  recent 
past.  Roughly  85 %  of  the  beam  hours  in  electronics  experiments  were  utilized 
by  outside  users,  about  65%  of  the  SPEAR  beam  hours  were  utilised  by  outside 
user*,  and  roughly  85%  of  the  PEP  running  time  was  utilized  by  outside  users. 

Nationally,  the  total  number  of  experimental  physicists  active  in  high  energy 
physics  continues  to  be  constant  at  a  level  of  approximately  1100,  and  we  do 
not  foresee  either  a  large  growth  or  shrinkage  within  this  total  during  the  period 
of  this  projection.  Opportunities  for  high  energy  physics  data  collection  in  the 
U.S.  continue  to  be  divided  among  work  at  Brookhaven,  Fermilab,  Cornell  and 
SLAC,  in  addition  to  minor  activities  not  using  accelerators.  P'iring  the  period 
covered  by  this  plan  there  is  some  uncertainty  about  the  long-range  future  of  the 
work  at  Brookhaven.  The  work  at  Cornell  involves  a  relatively  small  number  of 
physicists. 

The  number  of  outside  users  at  SLAC  has  grown  from  approximately  60  in 
FY  1977  to  approximately  190  currently.  There  is  currently  no  reason  to  believe 
that  this  trend  will  reverse  itself.  A  survey  of  the  experimental  opportunities 
and  needs  in  FY 1986  indicates  that,  as  previously  noted,  a  total  of  about  580 
experimentalists  will  be  active  at  SLAC.  Of  these,  75  will  possibly  come  from 
foreign  countries.  We  anticipate  that  this  increase  in  user  population  will  intensify 
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our  already  severe  space  and  other  support  problems.  One  of  the  laboratory's 
goals  is  to  provide  some  relief  for  these  problems. 

(2)  Support  of  Stanford  Synchrotron  Radiation  Laboratory  (SSRL):  SPEAR 
provides  radiation  sources  for  the  Stanford  Synchrotron  Radiation  Laboratory, 
a  DOE-funded  laboratory  operated  by  Stanford  University.  At  the  beginning  of 
FY1983  there  were  five  beam  lines  operating,  three  originating  in  bending  mag- 
nets and  two  in  eight-pole  wiggler  magnets.  During  1984  the  addition  of  a  sixth 
beam  line  originating  in  a  54-pole,  variable  gap  permanent  magnet  wiggler  was 
made.  In  the  summer  of  1983,  two  new  straight  sections  were  made  available 
for  source  development  by  the  removal  of  the  rf  cavities  occupying  those  straight 
sections.  The  >  rgy  capability  of  the  storage  ring  is  maintained  by  powering 
the  remaining  tw-  cavities  with  higher  power  klystrons.  Additional  beam  line 
developments  are  being  planned  in  collaboration  with  outside  groups. 

In  addition  to  the  rather  extensive  facilities  established  at  SPEAR,  SSRL 
is  well  along  with  the  construction  of  a  seventh  beam  line,  this  one  at  PEP, 
to  provide  x-ray  experimentation  capabilities  at  approximately  four  times  the 
energy  available  at  SPEAR. 

Under  the  letter  agreement  between  the  two  laboratories,  SLAC  provides 
certain  engineering  and  design  services  as  well  as  substantial  general  and  admin- 
istrative support  to  SSRL  on  a  cost  reimbursement  basis.  The  estimated  volume 
of  work  to  be  done  by  SLAC  for  SSRL  is  approximately  $  13M  in  FY1985,  and 
is  projected  to  grow  in  future  years. 

Total  work  for  others  is  shown  in  Table  VI-1. 
B.  Subcontracting 

Table  VI-2  indicates  the  magnitude  of  funding  flow  from  SLAC  to  other  DOE 
contractors,  universities  and  industry.  The  work  done  for  SLAC  by  other  DOE 
contractors  is  primarily  in  the  nature  of  detector  development  and  fabrication 
where  the  subcontractor  has  particular  expertise  or  equipment  not  available  it 
SLAC.  Reprographics  services  represents  the  majority  of  subcontracting  work 
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Table  VI-1 

WORK  FOR  OTHERS 
(In  Thousands  of  Dollars) 


FY1983 

FY1984 

FY1985 

FY1986 

FY1987 

FY1988 

FY1SS9 

FY1990 

SSRL 

Total 

5,528.9 

5,701.8 

7,863.0 

8,966.0 

9,683.3 

10,457.9 

11,294.6 

12,198.1 

Without  Dedicated 
Time 

4,063.6 

3,486.0 

5,225.0 

5,643.0 

6,094.4 

6,582.0 

7,108.6 

7.677.2 

All  Other 

Minus  Japanese 

1,381.9 

1.075.2 

1,140.0 

1,231.2 

1,329.7 

1,436.1 

1,551.0 

1,675.0 

Japanese 

305.3 

450.1 

377.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

7,216.1 

7,227.1 

9,380.0 

10,197.2 

11.J12.0 

11,894.0 

12,845.5 

13,873.2 

Without  Ded.  Time 

5,770.8 

5.011.3 

6,742.0 

6,874.2 

7,424.1 

8,018.1 

8,659.5 

9,352.3 

Dedicated  Time 

1,445.3 

2,215.8 

2,638.0 

3,323.0X) 

3,588.8 

3,875.9 

4,186.0 

4,520.9 

1)    Escalation  Factor  FYl986-m990:  82 
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Procumbent  s<  Subcontracts,  *nd  Transfers 
fin  Millions  of  Dollars) 


FY 1984* 

FY1965*  FY1986* 

FY  1987 

FY 1968 

FY 1989 

FY 1990 

Transfers 

0.6 

0.1  1.1 

1. 1 

1. 1 

1.  1 

1.  1 

University  Subcontracts 

0.4 

0.  6          0. 7 

8.7 

0.7 

0.7 

0.7 

All  Other  Subcontracts 

55.4 

146.6  99.9 

66.4 

99.0 

75.  1 

76.6 

"""In  then  year  dollars 

•Escalation  factor:!.  0976 

FY1987  -  FY1990  in  constant  FY1986  dollars 


Table  VI-3 

done  for  SLAC  by  Stanford  University.  The  level  of  subcontracting  by  other  DOE 
contractors  and  unr  ersitiet.  is  expected  to  remain  approximately  level  throughout 
the  period  of  this  :  sport. 

SLAC  has  been  actively  participating  in  the  Federal  Government/Industry 
Small  Business  Council  of  Northern  California  in  furthering  awards  to  small  dis- 
advantaged firms  and  small  business  firms.  Participation  has  included  small  dis- 
advantaged business  seminars  and  fairs,  monthly  meetings  of  the  Small  Business 
Council  of  the  San  Francisco  Bay  Area,  and  use  of  the  PASS  system. 

Each  year  SLAC  submits  for  DOE  approval  its  goals  under  Public  Law  95-507. 
Generally,  ambitious  go*ls  have  been  met.  DOE  awards  for  superior  performance 
in  the  Small  Disadvantaged  Business  program  have  been  presented  to  SLAC  in 
1978,  1979,  1980,  1981,  and  1982.  Although  SLAC  has  increased  its  goals  each 
year,  it  is  becoming  increasingly  difficult  to  meet  these  goals  for  a  number  of 
reasons;  one  being  the  increased  expenditures  for  power,  large  equipment,  and 
some  specialized  contracts  which  are  available  from  large  business  only. 
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Small  Business  and  Disadvantaged  Vendor  Subcontracting 

<Percent  of  Total  Subcontract ing, 

Small  Business  FY1980      FY1981      FY1962      FY1983  FY1964 

6041  5G.0        50.0        51.0        56.0  45.0 

PctuAl  55.1         61.6         62.1         66.0  5*.* 

Small  Disadvantaged 
Business 

6041  «.2          *.5          5.0          5.5  5.5 

Actual  4.3          5.5          6.6          8.0  4.8 


Table  VI-3 

SLAC  contin  \es  its  efforts  to  increase  small  business  and  small  disadvantaged 
business  participation.  Table  VI-3  presents  a  summary  of  small  business  and 
disadvantaged  business  participation  during  the  period  FY1980  through  FY1984. 
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BROOKHAVEN  3b- 
HIGHLIGHTS  ™ 


BROOKHAVEN  NATIONAL  LABORATORY 
Upton,  Long  Island,  New  York  11973 
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A  Word  About  BNL 


Brookhaven  National  Laboratory  is  a  multipro- 
gram  laboratory  which  carries  out  basic  and 
applied  research  in  the  physical  biomedical  and 
environmental  sciences  and  In  selected  energy 
technologies.  The  Laboratory  is  managed  by 
Associated  Universities,  Ino,  under  contract 
with  the  US.  Department  of  Energy.  The  Labora- 
tory employs  over  3,000  people. 

Established  in  1946.  BNL  is  located  on  Long  - 
Island,  New  York,  on  the  site  of  what  was  known 
as  Camp  Upton,  a  training  camp  for  US.  soldiers 
during  World  War  I  and  World  War  II.  Now.  in  the 
center  of  the  5265-acre  site,  over  2ti0  buildings 
and  other  structures  make  up  BNL's  p>vsical 
plant 
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Brookhaven  Today 


w 


■  iththtsleauewe 
I  tnauguraie  a  new 
I  format  and  a  new  po*- 

■  Icy  for  the  Brook* 
I  haven  Highlights.  Wr 
I  arc  returning  to  an 

 I  annual  review,  rather 

than  continuing  the  biennial  publi- 
cation of  tht  last  Myearaweare 
atoo  making  Hlghllghtejust  that  — 
highlight*  of  the  work  accocopUaned 
by  the  Ubocmtory  ataJT.  with  a  brief 
summary  of  the  ovwrall  mlaalon  of 
each  department.  Every  year,  we  win 
highlight  different  aapecta  of  the 
■dentine  and  techmcaJ  advances 
made  at  BNL.  In  addition,  we  shall 
indude  information  about  personnel 
and  budget*  avorda  and  nora. 
and  thedWnaofmeetlnaathe 
Laboratory  boated  on  an  array  of 
acientlfic  topic* 

One  of  the  Laboratory's  plmary 
functions  continues  to  be  the  build- 
ing, operation  and  research  use  of 
targe  scientific  machines.  This 
involves  high  energy  physics  at  the 
Alternating  Gradient  Synchrotron 
(ACS),  nuclear  physics  at  the  Tan- 
dem Van  de  Groan  accelerator,  and 
basic  energy  sciences  at  the  National 
Synchrotron  Light  Source,  the  High 
Flux  Beam  Reactor  (HFBR)  and  the 
Scanning  Transmission  Electron 
Microscope. 

It  la  our  intent  to  build  and 
expand  upon  theae  strengths. 

A  step  In  this  direction,  a  tunnel 
linking  the  Tandem  Van  de  GraaiT  to 
the  ACS.  permitting  the  acceleration 
of  Ions  a*  heavy  a*  sulfur  up  to  rela- 
tivistlc  energies,  ha*  been  approved 
and  construction  has  begun  In  our 
budget  request  for  fiscal  year  1066  ia 
a  booster  synchrotron  which,  when 
inserted  into  the  Tandem/ AGS  ays* 
(em  win  not  only  appreciably 
increase  (he  available  proton  inten- 
sity of  ;he  AGS  but  will  also  extend 
the  mass  region  cf  (he  relaiivlstic 
heavy  ion  beams,  up  lo  gokj  Long- 


range  plan*  Include  a  rejatrrtstic 
heavy  Ion  coOider  where  the  Tan- 
dem/Booster/ AGS  wlB  inject  re**- 
tlYlsOc  heavy  tons  into  s  coflkllng 
beam  machine  for  the  next  genera- 
tion of  even  higher  energy  interac- 
tion* and  an  upgrade  ©Ah*  HFBR 
to  more  eflectiwjy  utittae  the  aource 
of  cold  neutron*  by  adding  aubetan- 
tial  floor  apace  for  nine  new 


An  wamting  and  valuable  out- 
growth of  the  variety  of  Investiga- 
tions madepoaslbte  by  our  facilities 
>  ta  the  rapid  increase  tn  the  nurrter 
*of  industrial  scientists  who  luve 
been  added  to  our  visitors  Kst  Thu 
broadened  community  of » jstrs 
(compatmenttng  our  acaremlc  and 
Laboratory  personnel)  r.id  a  more 
piogrtaatvegowiwmcntal  attitude 
toward  patent  poHcte*  are  encourag- 
ing  the  use  of  Laboratory  faculties 
and  staff  to  assist  in ,  tin  country's 
technological  development. 

The  Laboratory  asm  open*  its 
doors  to  students  from  nigh  ached 
through  graduate  arhooiTbe  train* 
.  ing  p-Dgrama  are  many  and  varied, 
and  aome  are  designed  for  science 
teachers  to  enable  them  to  keep  up 
with  their  research  and  with  the 
latest  octentiftc  advance*. 

WhfJe  the  stories  in  thi*  issue 
highlight  only  the  major  happenings 
of  the  last  18  months,  ongoing 
research  in  matey  are—  proceed*  «t « 
steady  pace.  As  a  multipurpose 
laboratory.  BNL  has  directed  Its 
attention  not  only  to  physical  sci- 
ences, but  lo  energy  technology,  ap- 
plied sciences,  life  sciences,  and  to 
various  kinds  of  technical  assistance 
for  the  US.  Department  of  Energy 
and  the  Nuclear  Regulatory 
Commission. 

I  hope  the  following  pages  will 
convey  to  you  the  breadth  of  our 
research  (he  enthusiasm  of  our  staff 
and  our  part  in  (he  national  scien- 
tific effort 


Nicholas  P  Samlo* 
Director 
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The  AOS; 

AaAimiforiaiy 

Solute 


|he'WoiyaHajbcwt 
I  Energy  Accelerator'*  — 
IthafawhattheACS 


Since  it  began  operating  in  1960,  Brook- 
haven's  Alternating  Gradient  Synchrotron 
(AGS)  baa  generated  protons  for  both  high 
energy  and  nuclear  physics  experiments.  Now, 
about  to  celebrate  its  silver  anniversary,  the 
AGS  also  continues  to  generate  superlatives. 


tocatanrrgieaaahlghaaSSb 
electron  wjfca  (OcVT  Though  this  ' 
happened  ahaoat  25  yarn  ago.  the 
mm  that  wMk  the  AOS  nnntoh  hit 
tend  about  ctjbt  yeera  cuter.  In 
195lAtthtt^wprt(Jecw> 
lend  on  our  newly  apejating  Ooamo- 
troo.  which  could  reach  energko  of  3 
billon  dectrar  volts.  Behind  the 
•oene*.  however.  **  were  already 
aafcing.~What  «wU  we  do  difler- 
enn>»obuttd  a  btgger  and  better 


The  tenchmonexy  anaanr  mm 
"ahernattaf  gradien  t "  or  "atronjf 
fbcuatng. Vfefound  that  the  partfcka 
could  he  Jbcuaed  owe  etrorady.  and 
thua  confined  to  much  emaaer 

-  dhnrnalooe  If  the  inajm  n  tfw^h 

v  which  they  travel  were  amnned  in 
etiehawaythettheftaWgiaoWaof 
autccaafte  roagncta  wen  alternated, 
ftret  toward,  then  outwd. 

The  amafier  bean  created  by 
atfocajfoctw4r4tpennltiedtheuKor 
arngneti  wtth  much  moaner  croo* 
eectlone.  Became  theae  were  wit  v 

»  y^*6—  cxpenahc  than  larger 
magnets,  they  could  be  made 
'etrengcr.  bringing  the  accekrator  to 
■W"  *WPi2?  «*?t?"'>5  Since  that 
time  alternating  gradient  focutng 

.  haa  been  uaad  worldwide  aa  one  of 
the  fjrtdh^prtnctptea  behind  twy 
new  accelerator. 

The  ACS  Oral  reached  ludeattfn 
energy  on  Ady2».  1060.  and  the 
experUnrntaJ  program  waa  off  and 
running.  It  haa  bom  a  moM  fruitful 
program,  yielding  an  Itnpreaatve 
number  of  **nlfk*nt  dttcowrtr*. 
two  of  which.  thrJ/pat  particle  and 
Cf  violation,  haw  earned  the  ACS  the 
distinction  of  having  produced  two 
discoveries  which  were  awarded 
Nobel  Priacs.  in  1978 and  I960 
rcapect'tery 


a 
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The  AGS:  An  Anniversary  Sahtte  ( continued ) 


Supcftetlw*  continued  to  mount 
for  the  ACS  In  1964.  By  the  end 
of  the  year,  the  AGS] had 
accelerated  over  10" 
( 1  j0OO/X)OXXX)JDOOJ0O0JDOOJ0O0) 
protona  tn  tta  lifetime,  more  than 
any  other  high  energy  machine, 
earning  the  tttfcrf'workra  Most 
ProUflc  Aoodemtrr." 

In  1964.  the  ACS  aiao  became  the 
"World'*  Moat  Polarised  AcceJerator.- 
The  ACS  claimed  thta  distinction  tn 
Jury,  when  we  began  dctrvertng 
beama  of  polarised  protona  to 
experlmentera. 

In  order  to  accelerate  polarlsrd 
protona.  which  spin  in  the  same 
direction.  we  had  to  modify  the  ACS 
rather  ex  tensrvrhr.  Thta  work  Began 
in  1962.  and  irxhided: 

■  crraUngandcommlaaloninga 
new  ton  aouite  for  polarlxed  nega- 
tive hydrogen  tH  )  ion*. 

■  developing  a  newpre- 
accderator.  a  radl>  frequency 
quadrupote  (RFQL  to  replace  the 
GxfccroAwalton- 

■  buMlng.  then  Installing  in  the 
ACS  ring.  12  faat  O  j6  rnlcroseconds) 
pulsed  quadrupolea  and  power  sup- 
pi  ies  for  96  correction  dipoles. 

Milestones  came  quickly  On  June 
17. 1 963.  we  act  a  new  world  record 
for  output  of  poiartaed  lona  with  the 
new  source:  on  February  14. 1984. 
the  RFC  worked  beaudfuOy  on  Ita 
flrat  try.  accelerating  40%  of  the 
Injected  beam:  on  February  23.  a 
beam  of  pokulxtd  protcna  waa  accu- 
era  ted  to  200  MeV  In  the  AOS  injec- 
tor, the  linac  on  March  8.  polarized 
protons  were  accelerated  Into  the 
ACS  ring  for  the  flrat  time:  and  on 
Jury  1 3.  researcher*  began  expert 
mentl ng  with  these  spin-aligned 
particles. 


but ,  cur  so*  mm 

Near  the  end  of  their  journey  down 
the  S37-root4ong.  200  MeV  Linac 
some  excess  particles  are  diverted  for 
use  by  non-hhrh  energy  physics 
eJLperinicnta.1V  Brookhaven  Linac 
Isotop-:  Producer,  or  SUP.  la  a  facility 
of  the  Medical  Department  which 
regularly  ahrpa  El  IP  radioisotopes  to 
both  medical  users  snd  Industry 
The  Chemistry  Department  haa  a 
research  facility  known  as  the  Chem- 
istry Linac  Irradiation  Faculty  (CUtt. 
which  la  used  to  produce  radionu- 
clides. CUT  includes  s  Medium 
Energy  Intense  Neutron  facJlty 
(MFJN ).  where  neutron-rich  radtonu 
elides  are  produced  for  study. 


,-POlAmZED 
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protects  to  three  nodes  and  send 
protons  to  m  many  as  1 1  expert- 
ayatartatnWaiMoualy.  These  ] 
cspcftaaents  were  part  of  the 
approved  AM  physics  pmgraai  to 
19d4  though  not  all  were  ready  to 
raoahabsaaL 
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afTsVW  Mi  i  isaasaavaitl 
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WMMn^SStMSr^ 

7*0 

A* 

aWUTal*(Kt-,e) 

7*7 

C4 

— Vfiinad  M  m/ 

rowor—vai 

mSSSL  as  a**  a**aja*  *f 
aWassaadsMai 

791 

M 

■aashiliw  ■■■/ 
Ttoa»i» 

SaaaVaTa  a!  lTffl'  Tr~* 
to^aadw*ali|li**Jiili 
Stoim  SK^irwlHSM 
yradftcSsd.  **W-  7*3  «a#Ma*4 
a*s*aai|U  ipla  iwm.iel 
K^.Ta»i    n  ia*» 
iij»«uij  ■nh»ajisa,i«ii 

74* 

Ot 

MattsaVM/Basntaa*/ 
HW/Ma  DaaWtaaai 

Tit 

Dt 

IBMH  ritan4a*t7 

niiad/mmpiwi/ 

■ir«  rr—  A*?aumn  Partes 

7*5 

CI 

■nUIOaaytSMMs 

M*-f«aKte«a  apvMfML 

ttom.  na>  7SS  aMam 

734 

0 

■MUBrm/DK/OMkm/ 
rmUiBj  Suni 

77* 

0 

ruirturmaiiii/ 
Jatatsafesato* 

taavaavaa****. 

mTlTSmSS  to  saafr  d*s 
iaijaiipi 

747 

C5 

Wl/W  / 

finaaifldei 

Raw  Particsa  tBaawdk 
la  IMS,  s  laagJNad  Mate 
■Mhaaaertiai  1110  m* 
mi  inmntauuxtam. 
7M  ***a*d  »r  toft*  partlclt 

7M 

CI 

KTVfBXL 

QBD 

AtoMaffla^tolaaassH- 
— «  jwriMiy  ■  i in ■  i i  tW 

irwif  at  ■—ate  aeMasfc 

745 

D4 

AGS  Pkjstes  Program 

Today,  exiting  research 
abounds  at  theAO*.  To  accoc* 
asodaaE  ■any  dfaferent  types  ot" 
eaacrhaeata.  the  AOS  can  dether 


Until  this  year,  we  accelerated  H 
lorn  to  Initial  energies  of  750 XXX) 
electron  volts  only  In  the  Cockcroft- 
Walton.  But  we  knew  this  huge 
preaccekfstor  would  be  very  dumay 
for  polarized  protons  So.  we  turned 
to  a  new  concept  the  much  smaller 
radio  frequency  quadrupole.  or  RFQ. 

On  March  19. 1984.  we  ran  the 
two- meter-long  rpq  for  the  first  time, 
accelerating  4  X  ir?  protons  in  the 
ACS,  while  preserving  60%  polariza- 
tion to  shove  4  CeV  and  25%  to 
above  6  CeV.  The  RfQ  became  the 
first  such  device  tobe  uard  In  an 
operating  accelerator.  Our  RPQ  Is 
also  unique  in  that  It  Is  the  only  one 
that  accelerate*  polarized  negative 
hydrogen  too*,  which,  after  electrons 
are  later  stripped  sway,  end  up  I  n 
the  ACS  as  polarized  protons. 


Mar  aaaa  tlygi  a  4aa 

tn  addition  to  an  upgrade  of  the 
On- Line  Data  Facility,  our  construc- 
tion efforts  at  the  ACS  In  1984 
resulted  Ire 

■  an  Interna]  target  for  Exp. 778.  to 
study  nuclear  fragments  tn  FY85 

■  a  betatron  tune  meter,  a  monitor 
which  measures*  once  per  accdera 
lion  cycle,  the  horizontal  and  vertical 
tune  of  the  ACS, 

■  an  Injection  position  monitor, 
which  measures  the  position  and 
angle  of  the  beam  at  Injectr  Land  a 
similar  device  that  also  measures  the 
positions  of  Individual  bunches  of 
particles,  the  Individual  bunch  coor- 
dinate monitor. 

■  a  series  of  five  new  extraction 
magnets 

■  a  new  U  target  station  to  provide 
fora  SOX  increase  tn  neutrino  beam 
flux 
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The  AGS:  An  Anniversary  Salute  (continued) 
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Any  machine  which  can  accelerate 
both  polarized  a. id  unpoUrited 
protons,  deliver  protons  to  experi- 
menters m  three  different  beam 
modes. and  serve  up  to  1 1  different 
expert  mental  brims  a  t  one  time  is 
certainly  a  candidate  foranother 
superlative  "Work)  s  Most  NcrsatlJc 
Aceteraior"And  future pUnsfor 
the  AGS  make  its  claim  to  this  tide 
even  stronger 

We  have  already  begun  working  on 
a  project  which  will  Introduce  a 
whole  new  t>pe  of  physics  research 
at  the  AGS  —  the  transfer  of  heavy 
ions  from  the  Tandem  Van  de  Graaff 
and  the  acceleration  of  heavy  ion 
beams  for  experiments  with  fixed 
targets,  planned  to  begin  in  1986 
Last  falL  with  funding  from  the 
Nuclear  Phvsics  Division  of  the  U  S 
Department  of  Encrg>  IpOEl  we 
began  to  construct  the  2000  foot 
long  heaw  ion  transfer  line 

The  future  of  the  AGS  was  the  sub 
jeel  ofar  intensive  Mudvby  the  AGS 
II  Task  Force  formed  bv  the  High 
Energv  fhrcusston  *.-oup  The  Task 
Force  held  a  series  ol  four  meetings 
In  the  winter  of  1983*4  and 
reported  on  its  recommendations  in 
February  1984  Based  in  part  on 
those  rrcommenda lions  a  fjve-vear 
plan  was  submitted  bv*  I3M,  to  VOK  t  n 
March  emphasizing  the  foil  owing 
objectives. 


latkwMxttki 

■  Improve  AGS  operating  reitabtlltv 
from  70%  to  90% 

■  increase  the  overall  dim  factor 
from  20%  to  40%  (90%  mtcrostruc 
ture  and  45%  macrostructure) 

■  Increase  tnlensKv  to3^x  10" 
protons  per  pulse  b>  adding  a  I  CeV 
booster  n»ig 

■  provide  increased  flexlbtlio  tn 
multiple  beam  operation 

Completing  th*-*e  ne-r  term  objec 
lives  would  require  among  other 
efforts  a  major  revamping  of  the  AGS 
control  svstem  and  (he  construction 
of  a  vcond  HFQ  to  replace  the 
Corkcroft  Walton 
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The  Big  Machines 


m 


prinmrOr  from  m#wipfrt  Uiwrstory.  unique 
ftcfflttoffiifc  rr^  sifrfoifsaSM. otra  i  ajfor"  tffff  also 
ericouisjes  interact 

Close  to  30 facttltfc  i^MiMe lor  nott-pioprtetKy^ 
usually  basic,  reser ,c!l  frojirtetary research  maybe  per- 
fanned  mfcr  mlna M  ijridwat  tijptar  en  bml  and  the 
outside  user.     -t/     ^Jfe  , '  « 

Previous  pra)ESfJcscxiben\BKkjaJ>>*eo*s  Alternating  Gnt* 
(Meat  Synchr  rtrra,  a  »ei>eiabag  nWhtne  that  has  served 
literally  thouwdd*  of  user*  w  its  25-y^lustory.  High- 
lighted  on  these  pages  are  BO/*  other  major  facOities  that 
serve  the  scientific  comrmmity  of  the  world, 


The  NSLS  Is  the  world  *  brightest  sourer  of  ultraviolet  radtat'on:  and  x  rays 
will  be  available  to  met*  In  1965.A  wide  range  of  research  equipment  Is 
available  for  baste  and  applied  studies  In  condensed  mat  tor.  surface  studies, 
photochemistry  and  photophysics,  lithography,  crystallography,  small  an#e 
scatter!  and  x  ray  microscopy.  Proprietary  work  can  be  done  po,  c  fullest 
recovery  basis,  with  the,  option  of  retaining  title  t^Jnwntkratn  1964 . 1 37 
scientist*  did  experiments  at  the  1*3(3.  "     ~      -  '\X 
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The  Big  MicWiwi  (continued) 


Alternating  Gradient  Synchrotron 
TenrJem  Va<»  de  Gr»«H 
Neitonei  Synchrotron  Ught  Source  C3 


High  Fhx 


Scanning  TransmlMton 
Electron  Microscope 
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Accelerator 
Department 


Since  1947.  when  we  first  conceived  the  Cos- 
motron.  Brookhaven  has  been  a  leader  in 
advanced  accelerator  technology.  Under  the  aus- 
pices of  the  Accelerator  Department  we  have 
incorporated  that  technology  into  the  develop- 
ment and  operation  of  high  energy  facilities,  as 
well  as  non-accelerator  applications. 

At  present  our  principal  facility  is  the  Alter- 
nating Gradient  Synchrotron  (AGS).  We  are  also 
preparing  concepts  for  future  accelerator  appli- 
cations. Some  of  our  skills  aie  being  applied  to 
the  national  effort  behind  the  proposal  Super- 
conducting Super  Collider.  During  1984.  we  also 
submitted  two  proposals  to  the  U.S.  Department 
of  Energy,  one  for  a  booster  ring  to  push  AGS 
particles  to  higher  energies  and  one  for  a  Reiati- 
vistic  Heavy  Ion  Collider. 

Probably  our  best-known  spin-off  is  the  Power 
Transmission  Project,  a  prototype  system  for  the 
inexpensive  transmission  of  electrical  power. 
The  techniques  for  cooling  the  superconducting 
cables  which  act  as  the  system's  power  trans- 
mission lines  were  borrowed  from  accelerator 
technology. 
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..There  Stands  a  Source 


From  the  Unac  to  the  AGS  ring,  down  the  experimental 
beam  lines  tc  the  targets,  all  our  efforts  at  the  Alternating 
Gradient  Synchrotron  (AGS)  are  geared  towards  one  goal: 
successful  high  energy  and  nuclear  research.  But  behind 
all  this  —  behind  every  successful  accelerator,  in  fact  — 
there  stands  a  source. 

That  source  is  the  weUspring  for  all  the  particles  that 
circulate  through  the  accelerator.  In  the  AGS.  these  parti- 
cles have  always  been  protons,  but  over  the  years  those 
protons  have  been  derived  from  several  different  sources. 
At  present,  we  at  BNL  are  working  on  two  source  projects, 
with  our  primary  gonl  to  increase  experimental  opportuni- 
ties at  the  AGS. 

I  he  first  of  these  sour- 
I  ces  —  an  intense 
I  polarized  negative  ion 
I  source—  is  a  key 
I  component  In  the  new 
I  high  energy  polarized 
I  proton  program  at  the 
ACS.  The  negative  hydrogen  M  ) 
ions  produced  In  this  •  dice  are 
polarized,  which  means  they  all  spin 
in  the  same  direction. 

The  creation  of  polarized  H  beams 
begins  with  the  separation  of  hydro- 
gen molecule*,  each  into  two  hydro- 
gen stoma  From  these,  we  magnet  l- 
cally  weed  out  all  partldes  having 
one  spin  direction,  leaving  neutral 
hydrogen  (H*)  atoms.  aS  with  the 
same  polarization.  These  H*  atoms 
then  collide  with  an  energetic,  neu. 
(rml  cesium  beam  (C**L  The  collision 
promotes  a  charge  exchange  which 
yields  a  beam  of  H  lona  Alter  enter- 
ing the  ACS  ring,  the  polarized  H 
Ions  pass  through  a  very  thin  carbon 
foil  There  two  electrons  are  stripped 
from  them,  leaving  only  polarized 
protons. 

Work  on  the  polarised  negative  Ion 
source  began  (nearly  1961  In  July 
of  1963  we  measured  beam  currents 
in  excess  of  15  rrJcroamperes  (pAL  a 
new  world  record  for  this  type  of 
source.  By  September  1984.  thai  had 
d Imbed  to  25  mA. 

The  present  current  from  the 
pot* rued  negative  Ion  source  is  tuf 
ficlcnl  for  the  polarized  proton 


research  that  began  at  the  ACS  in 
July  1964.  These  beam  currents, 
however  are  consJderabry  lower  than 
beams  extracted  from  our  regular 
negative  Ion  source,  which  Is  still 
used  fjr  the  other  experimental  pro- 
grams at  the  ACS.  Now  we  are  trying 
to  prove  that  It  la  possible  to  con- 
struct  s  single  source  from  which  we 
can  extract  mUllamperea  of  either 
unpokutzed  or  polarized  negative 
ions.  Not  only  would  this  permit  us 
to  serve  aQ  our  present  types  of 
expert  men  is  with  only  one  aoujte. 
but  the  availability  of  such  a  source 
would  also  open  up  a  completely  new 
experimental  physics  domain.  Our 
challenge  here.  then,  is  primarily  to 
create  an  ion  source  that  can  achieve 
intensities  sufficient  for  polarized 
and  unpokulzed  experimentation. 

Satisfying  those  demands  requires 
that  we  create  a  next -general  ion 
•ourcc  capable  of  beam  currenla  as 
nigh  as  25  muUamperea  in  both  the 
polarized  and  unpotartxed  beam 
modes.  We  believe  a  combination  of 
two  new  features  should  help  us  ' 
realize  that  goal 

Like  the  present  pokrlzed  negative 
Ion  source,  the  new  source  will  start 
with  neutral  hydrogen  atoms.  But  we 
will  bring  these  H*  atoms  to  veiy  low 
temperatures  —  down  to  around 
seven  kcJvlna  The  cooling  will  slow 
the  atomic  beam  considerably, 
increasing  lis  density  (and  the  final 
beam  Intensity)  by  at  feast  an  order 
of  magnitude. 

The  second  increase  in  intensity 
wlH  come  from  uslrat  negative  deute- 
rium (D  )  ions,  rsther  than  neutral 
cesium  stoma  In  the  charge  ex- 
change process.  To  do  this  we  will 
build  a  ring  magnetron  which  wiB 
surround  the  oncoming  H*  beam 
with  D  ion*  that  will  cross-collide 
with  the  atomic  beam  Theoretically^ 
this  could  increase  the  polarized  H 
intensity  by  two  orders  of 
magnitude 

Feasibility  tests  will  be  conducted 
on  this  Idea,  now  in  the  conceptual 
stage.  In  1965.  Based  on  the  success- 
ful outcome  of  those  studies,  we 
would  design  and  construct  the 
next -generation  polarized  ion  source 
in  1986 
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The  Foe  or  Is  on  Neutrinos 


Exploring  the  particle  world  requires  huge  amounts  of 
experimental  planning  and  support  activities.  A  case  In 
point  is  neutrino  experimentation,  which  benefited  from 
many  of  our  efforts  in  1964  at  the  Alternating  Gradient 
Synchrotron  (AGS),  in  particular,  we  developed  an  experi- 
mental area  for  a  new  neutrino  experiment.  776.  and 
designed  and  constructed  a  particle  focusing  system  to 
serve  both  776  and  existing  experiment  734. 


I  hough  both  expert 
I  rnents  rety  on  the 
I  newest  In  detector? 
I  >nd  accelerator  tech 
I  notogy.  the  neutrino* 
I  they  focus  on  have 
I  been  around  as  long 
as  our  universe,  having  evolved  with 
( he  weak  interaction,  the  force  asso- 
ciated with  radioactivity  and  nuclear 
decay 

Brookhaven  s  association  with 
these  elusive  particles  is  not  new 
either  In  1962  ACS  physicists  per- 
formed the  world  s  first  high  energy 
experiment  which  resulted  In  the 
discovery  of  the  muon  neutrino. 
Then  tn  1974  an  unusual  neutrino 
event  occurred  when  neutrino  exper- 
imentation at  Brookhaven  moved  to 
the  7  foot  bubble  chamber  This  later 
proved  to  be  the  fl.-*t  single  charmed 
pa  n  ide.  a  charmed  ban/on.  Today 
researchers  here  look  for  neutrinos 
with  huge  detectors.  The  detector  for 
Exp  734  for  example,  weighs  about 
200  tons,  and  Exp  77*"  l  weighs  over 
300  tons. 

Since  1961.  Exp  734  has  been 
measuring  neutrino-electron  elastic 
scattering,  to  test  the  Weinberg- 
Salam  theory  of  electroweak  Inters c 
lions  Beginning  In  November  1984. 
Exp  776  will  search  for  signs  that 
neutrinos  can  change  from  one  type 
of  neutrino  to  another  losclllate)  to 
determine  whether  they  have  any 
mass  If  the  mass  Is  small  that 
change  would  o^cur  at  ACS  energies, 
slowly  and  overs  longdistance,  so 
the  detector  for  Exp  776  Is  located 
almost  one  kilometer  (06  miles) 
north  of  the  ACS  ring  In  addition  to 
piovidlnga  building  there  we  sup 
port  the  experiment  with  utilities 


carpentry  cooling  and  surveying 
Another  of  our  contributions  wis  to 
build,  test  and  measure  the  five 
torold  magnets  used  In  the  detector 
system  each  of  which  weighs  about 
385  tons  and  Is  18  feet  In  diameter 
by  seven  inches  thick. 

When  the  first  beam  of  neutrinos 
strikes  the  torokJs  in  November 
1984.  panicles  will  also  pass 
thtough  two  new  narrow-band  neu 
trtno  horns  for  the  first  time  Called 
neutrino  horns,  (because  each  of  the 
two  major  components  resembles  a 
long,  slim  horn)  the  33  foot  long 
focusing  system  will  rarely  see  a  neu 
tnno  What  will  pass  through  it  will 
be  the  pi  (ir )  mesons  p reduced  when 
the  ACS  fast  extracted  proton  beam 
strikes  a  tungsten  rhenium  target 
The  horns  will  focus  the  w  mesons 
Into  a  parallel  beam  with  a  well- 
defined  energy,  which  will  travel  out 
of  the  horns  and  down  the  U  line 
tunnel  toward  the  expert  men'  Along 
the  way.  a  large  fraction  of  the  w* 
will  decay  and  one  product  of  the 
decay  will  be  neutrinos. 

The  new  horns  represer.t  a  several 
fold  Improvement  over  previous 
horns.  First,  because  the  location 
has  been  moved  to  allow  a  longer 
decay  space  and  because  the  larger 
horns  can  focus  more  *  mesons,  we 
will  get  more  decay  products  and 
thus  more  neutrinos,  for  an  increase 
of  about  a  factor  of  ten  in  neutrino 
Intensity  for  narrow  band  running 

Much  of  our  effort  went  into  hom 
design  Earlier  horns,  placed  In 
eartnen  tunned  to  shield  against 
radioactivity  were  difficult  to  repair 
or  change  The  components  of  the 
new  horns  are  positioned  on  flat  beds 
for  mobility  and  shielded  by  movable 
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concrete  slab*  25  feci  thick  so  the 
neu  homswitl  be  both  safer  and  eas 
iff  10  maintain 

Several  olher  ACS  activities  have 
also  e  n  ha  nerd  the  neutrino  expen 
mcnts  particularly ourcontinulng 
effort  to  increase  AGS  Intensitv 
While  imporUnl  to  all  experiments 
ai  the  ACS  the  record  Intensity  °f 
I  62  x  lO"  protons  per  pulse  thai  we 
achieved  in  December  1983  is  par 
ticularly  helpful  to  the  neutrino 
experiments  the  more  protons  avail 
able  the  more  *  mesons  will  be 
created  to  oV*y  inio  ncuirlno* 

Similarh  our  Increased  under 
standing  and  refinement  of  the  ACS 


radio  frequency  system  is  helpful 
because  it  allows  us  to  accelerate 
more  of  the  protons  injected  Into  the 
ACS  And  with  10%  more  operating 
time  In  1984  experiments  like  734 
and  776  had  more  time  and  more 
neutrinos*  so  that  researchers  wre 
able  to  collect  more  data 

ioMMtM.tkk«wl4hc 

i  at  DM  AG*  TVt  rw*  f*ru  al 
tfcs  Jbcwtluf  afafeni  art  calM  Mvtrtao 
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A  Quest  for  Quark  Matter 


Understanding  our  universe  has  been  somewhat  like  peel- 
ing the  layers  of  an  onion.  First  physicists  looked  into  the 
atom  and  found  a  nucleus  surrounded  by  orbiting  elec- 
trons. Then  they  peered  into  the  nucleus  and  learned  it 
was  composed  of  particles  called  neutrons  and  protons, 
known  collectively  as  hadrons.  Now  they  contemplate 
those  hadrons.  which  are  believed  to  consist  of  fundamen- 
tal entities  called  quarks,  held  together  in  combinations  of 
three  by  other  fundamental  entities  called  gluons. 

I  he  quark  gluon  wrn 
I  btoslsts  »o  t'ghl  Out 
]  free  quarks  and  or 
I  gluon*  haw  rv\er 
I  bcrn  observed  Hut 
I  theory  indicates  that 
I  If  heavy at oniK-  nuclei 
collide  head  cm  at  energies 
approaching  the  speed  of  light  Irrta 
liosiir)  some  nuclei  will  tx-come 
heatrd  to  temperatures  and  den\i 
lies  v)  extreme  that  their  constllu 
cuts  will  temporary  lov  t  vir  (den 
title*  as  neutrons  and  proton vand 
becorrx  a  hot  gas  of  quarks  and 
gluon*  That  w*.uld  create  a  new 
form  of  matter  a  quaik  gluon 
plasma  Known  to  phvslcislsas 
quaiK  matter  wc  bdiese  lis  proper 
lies  would  reflect  the  conditions  thai 
existed  at  the  earliest  moments  f*, 
lowing  the  binh  of  the  universe 

There  is  great  interest  In  treating 
quark  matter  both  o-j  the  pan  of 
nuclear  phvstcists  who  ha\r  alwavs 
studied  nucleus  nucleus  collisions 
and  high  energ>  physicists  who 
1\a\t  long  used  high  enemies  to 
probe  the  most  basic  constituents  o 
mMier  [>uring  1984  ttrookhavert 
was  a  <rntef  of  *ctlvit\  for  both 
phytic*  *x>mmuniti^s  iti  fo.-ni  ilairvg 
the  proposal  for  RMK  a  relativism 
hcaw  ion  collider  designed  to 
recreate  tbecundl t ions  neccssarv  to 
form  quark  matter 

Our  KJUC  proposal  which  was 
formajh  submitted  to  the  U£ 
Department  of  Knerg>  too*  i  ai  the 
end  of  1984  calls  for  construction  to 
begin  in  19H7  on  a  collider  to  be 
<ompietedin  1991  Hrookhavrn  is  an 
ideal  kxallon  for  a  rciatlvisiir  |>cavv 
ion  collider  because  most  of  the 


injector  system  and  the  conventional 
facilities  already  exist 

Central  to  a  wiiC  injector  n  «>e 

listing  Alternating  Gradient  S.vn 
chrotr^n  IAGM  as  well  as  two  otner 
components  which  are  indepen 
denllv  important  10  nes*  phvsics 
research  at  the  ACS  and  should  be 
completed  well  before  KHK"  construe 
lion  would  begin  The  Mr»t  compo 
nent  lor  which  ground  was  broken 
in  the  fall  of  1964  it  a  transfer  line 
l hi l  will  send  heavy  tons  from 
fjrcokhavrn  s  Tandem  Van  de  Gruff 
accelerator  to  (he  ACS  A  proposal  for 
the  secord  component  ahooster 
ring  to  push  the  heavv  Ions  to  higher 
energies  helore  thev  enter  the  AGS 
was  submitted  to  DOE  In  mid  1984 

The  2  4  mile  circular  tunnel  that 
would  house  riiic  already  exist*  on 
i lie  north  side  of  the  Laboratory 
property  Also  (here  are  the  tunnels 
f'om  the  ACS  support  bulMing*. 
three  expenme  n'al  arras  a  central 
corlrol  buiklingand  a  complete 
Helium  refrigeration  system  the 
»vrld  s  largest  All  were  built  for  ihe 
<.  oilldlng  fleam  Accelerator  fClvAi 
project  before  the  project  wa«  terml 
rutted  in  Julv  1983  Our  ChA  work 
also  left  u*  with  an  experienced 
superronducthtg  magnet  gmup  and 
very  large  facilities  for  constructing 
avVmbllng  and  testing  supercon 
ducting  magnets 

The  collider  that  would  make  use 
cf  these  attractive  assets  w-oukl 
i  ccelerate  all  ihe  ion  species  up  to 
md  including  uranium  while  the 
design  is  optimized  for  beams  of 
goM  Heavv  ions  wtujH  circulate  in 
two  opposing  rings  colliding  at  six 
pours  with  an  energy  near  100  GeV 
per  nix  Icon  in  ea<  h  beam  —  more 
than  enough  energy  it  is  predicted 
i<>  form  quaik  matter  This  is  equiv- 
alent to  about  250  GeV  for  protons, 
which  KltlC  could  also  accelerate 

Toreathihls  energy  while  holding 
costs  down  KluCssupcrondurttng 
magnet*  wouH  opera'r  at  the  reta 
tivelv  low  i.ugrcik  field  of  35  tesla 
The  bunches  oi  heavy  lor.s  injected 
would  fill  tlte  WlIC  rink  *n  box  car 
fashion  one  ahcr  the  oilier  an 
approach  that  is  both  simple  and 
cost  effective 
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TANO£M  VAN  QE  GRAAFF 
HEAVY  ION  SOURCE 


Another  consideration  In  our  RHIC 
design  was  the  effect  of  tnirabeam 
scattering  which  occurs  within  a 
beam  when  two  particles  traveling 
together  interact  with  each  other 
When  observed  elsewhere  in  protons, 
this  scattering  had  had  little  Impact 
But  our  calculations  now  show  that 
intrabeam  scattering  will  cause  a 
bunch  of  heavy  ions  to  prow,  increas 
ing  the  beam  s  dimensions  and 
promoting  a  loss  of  beam  particles, 
which  Is  jndesirable  Larger  aper 
tures  to  contain  the  beam  more 
quadrupole  magnets  for  stronger 
focusing  and  more  powerful  radio 
frequency  apparatus  to  provide  volt 
age  will  help  RHIC  accommodate  this 
effect 

That  has  been  the  crux  of  our 
challenge-  to  take  advantage  of  exist 
ing  assets  while  meeting  the  new 
demands  presented  by  heavy  Ions. 
KHiCm  /be  designed  to  fit  Into  an 
existing  tunnel  but  in  us  design  and 
its  Implementation  It  Is  a  new  and 
trulv  unique  machine  which  should 
allow  us  to  enter  a  completed 
uncharted  region  to  study  the  fun 
da  mental  properties  of  a  new  state  of 
matter  —  quark  matter 


The  RHIC  prapoMl  would  bare 
beary  loo*  trarcUai  through 
aererai  of  Brookheten'a  facili- 
ties. From  the  roorce  at  the 
Tandem  Van  de  Graaff  accelera- 
tor, heavy  tons  would  travel 
through  a  20OO-foo<  transfer 
tunnel  to  the  proposed  booater 
ring,  which  mould  be  built 
between  the  Llnac  and  the  ACS. 
to  be  raiaed  to  higher  energies. 
Then  they  would  enter  the  ACS, 
be  accelerated  to  ACS  energies, 
and  exit  to  the  beam  Injection 
tunnel  to  enter  RKlCa  two  ring*. 
There,  traveling  at  energies  of 
1 00  CeV  per  nucleon.  tne  beary 
ion*  would  collide  at  tlx  point* 
aroucd  the  ring  for  ttudy  by 
researcher*  at  four  experiment*] 
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Physics 
Department 


Theory  and  experimentation  go  hand  in  hand  in 
each  of  the  areas  of  fundamental  research 
explored  by  the  Physics  Department  elementary 
particle  (or  high  energy)  physics,  solid  state  (or 
condensed  matter)  physics,  and  nuclear  physic. 
Our  solid  state  research  is  concerned  with  the 
cohesive  forces  that  bind  atoms  together  to  form 
the  various  phases  of  condensed  matter.  The 
basic  nature  of  the  structure  of  nuclei  and 
nucleons.  as  well  as  their  interactions,  command 
our  nuclear  physicists*  attentions.  And  in  high 
energy  physics,  our  elementary  particle  physi- 
cists probe  the  fundamental  properties  of  the 
world  of  the  incredibly  small.  Now  engaging  the 
Interest  of  a  growing  number  of  our  nuclear  and 
particle  physicists  are  the  study  of  very  high 
density  matter  and  the  methods  for  production 
of  quark  matter  with  the  Relativistic  Heavy  Ion 
Collider  proposed  by  the  Laboratory. 
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The  iMpMcatioM  of  CP  VloUtica 


In  their  search  for  a  fundamental  theory  of  nature,  physi- 
cists often  use  simplicity  and  symmetry  as  a  guide.  But 
Nobel  Prize-winning  work  done  at  Brookhaten  in  the  early 
1960  s  showed  that  one  basic  symmetry  principle  break* 
down  in  a  tiny  corner  of  the  subatomic  world  Today  at 
BrooMuwen.  our  high  energy  theorisu  and  experimental- 
ists continoe  to  try  to  understand  this  Interesting  phe- 
nomenon, known  as  CP  violation 


I  t  was  long  thought 
I  that  the  physics 
I  would  be  Identical  M 
1  in  any  process.  aD  psr- 
I  tides  were  replaced  by 
I  their  an  Opart  ides 
I  (charae  conjugation 
or  C  J  while  a!  of  their  motions  were 
replaced  by  their  mirror  Images  (par- 
ity, or  PL  Under  this  symmetry  for 
example,  the  rate  at  which  a  lambda 
particle  decays  into  a  proton  and  a 
negative  pton  would  equal  the  rate  at 
which  a  lambda  ami  part  tele  decays 
into  an  antiproton  and  a  positive 
pion.1*  A~p+»  «X-p>»-  And. 
indeed,  this  symmetry  is  true  for  the 
strong  and  electromagnetic  forces 
that  hold  nuclei  and  atoms  together 
It  is  also  true,  to  an  extremely  high 
degree  of  accuracy,  for  the  weak  for- 
ces associated  with  radioactive 
decay 

It  was  only  In  <964  that  this  sym- 
metry principle  was  thrown  into 
doubt  when  Junes  W  CronlrvVaJL 
Fitch  and  (heir  collaborators  did  an 
accurate  measurement  of  the  decays 
of  neutral  K  mesons  (K*)  at  DHLs 
Alternating  Gradient  Synchrotron 
(ACS).  Onhr  after  all  other  attempts  fo 
"plain  their  results  failed  was  the 
*trotu0y  held  belief  in  this  symmetry 
prtrxtpfeover-ome  For  discovering 
CP  violation.  Cronln and  Filch 
receiveJ  the  Nobd  Prtte  in  physics  In 
1980 

Today  20  ye* is  afte.  that  dlscov 
ery  there  has  been  no  experiment?' 
evidence  of  CP  vlotat'xn  In  any  sys 
icm  other  than  the  weak  »C  decays 
Brookhaven  theorists  recently  calcu 
Uied  the  predictions  of  the  currently 
favored  theory  of  weakdecays—  the 


Ivobayashi  Moskawa  modd  —  and 
found  (hat  the  predicted  star  of 
othrr  CP  violations  are  ahtays»ery 
smaflL  For  example,  the  predicted  dif- 
ference between  a— p+r '  and 
X-p+r'  is  less  than  one  pan  I n  a 
million.  For  some  new  pamdes. 
espedaBy  those  contamingthe  bot- 
tom quark,  much  larger  differences 
have  been  found,  but  the  basic  pro- 
cess Itself  is  rare,  so  the  prediction 
has  not  yet  been  tested  by 
experiment. 

The  KV  however,  are  an  exception, 
in  terms  of  the  amount  of  CP  viola- 
tion in  the  system,  and  so  haw  been 
the  focus  of  many  BML  experiments. 
The  K*  and  Its  amipartlde.  the  R*. 
share  nearly  aB  the  same  properties. 
Most  important  they  have  exactly 
the  same  mass  as  weft  as  the  same 
charge.  As  a  result  of  a  fundamental 
principle  of  quantum  mechanics, 
they  can  "mix"  and  form  two  new 
part  ides,  which  are  partly  K*  and 
pardyKT.lt  turns  out  that  these  new 
nicies  have  nearly  the  same  mass, 
but  very  different  lifetimes  before 
they  decay,  two  features  that  make 
them  excellent  probes  of  CP  violation. 

This  was  the  basis  of  a  wry  sensi- 
tive experiment  aimed  at  uncovering 
the  source  of  CP  violation,  which  was 
completed  at  the  ACS  in  1964  exper- 
iment 749  a  BMiTYale  cottaboratlon. 
asked  the  basic  question.  Does  the 
CP  violation  result  from  the  mixing 
of  the  If  and  the  R*.  or  is  there  some 
fundamental  violation  of  CP  in  the 
•.iteraction  of  the  quarks  which 
make  up  the  K  meson? 

The  *xsJJed  "superweak"  theories 
say  the  CP  violation  comes  entirely 
from  the  mixing,  while  other  theor- 
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Hyperons:  The  Inside  Story 


Looking  inside  an  atomic  nucleus  is  as  predictable  as  gaz- 
ing at  a  clear  nighttime  sky.  Just  as  we  expect  to  see  cer- 
tain stars  and  planets  in  the  heavens,  we  count  on  "see- 
ing" protons  and  neutrons  (nucleons)  in  the  nucleus.  Still, 
unexpected  things  like  shooting  stars  and  satellites  some- 
times mingle  with  the  constellations.  In  the  subatomic 
world,  some  strange  things,  like  lambda  and  sigma  parti- 
cles, can  enter  a  nucleus. 

Collectively,  these  strange  particles  are  called  hyperons, 
and  when  they  wander  into  a  nucleus,  they  Join  with  the 
nucleons  there  to  form  a  hypernucleus.  Hyperons,  like  the 
nucleons,  are  composed  of  three  fundamental  entities 
called  quarks,  with  hyperons,  however,  one  of  those 
quarks  is  a  strange  quark,  which  accounts  for  the  parti* 
cle's  "strangeness." 


I  n  a  continuing  pro- 
I  gram  at  the  Altemat* 
I  log  Gradient  Synchro- 
I  tron  (ACS),  our 
1  nuclear  physicists  are 
I  forming  hypemudel. 
I  to  study  their  proper- 
ties, to  learn  about  hyperons  and  the 
quarks  of  which  they  are  made  and. 
in  particular  to  understand  the 
interactions  of  the  lambda  partide. 

Un  til  a  few  years  ago.  the  hypemu- 
cf  ar  program  centered  on  magnetic 
analysts  of  the  processes  by  which 
hvpemudel  are  formed  —  using 
magnetic  spectrometers  to  measure 
the  energy  difference  between  a 
normal  nuclear  state  and  a  hypernu* 
clear  state  But  the  amount  of  Infor- 
mation obtained  In  an  experiment  is 
directly  related  to  the  energy  resolu- 
tion of  the  technique  With  magnetic 
analysts  this  was  only  about  two  mil- 
lion electron  volts,  so  we  began  look' 
ingat  gamma  ray  transitions  as 
another  approach 

A  gamma  ray  Is  a  high-energy 
photon  a  masslcss  panicle  usually 
emitted  by  an  ordinary  nucleus  dur- 
ing *n  electromagnetic  transition 
between  energy  levels.  But  gamma 
rays  may  also  be  emitted  by  a  hyper 
nucleus  as  it  decays  from  a  more 
excited  state  to  a  less  excited  state 
possibly  to  the  hypernuclear  ground 
siate  when  we  detect  gamma  emis- 
sions with  sodium  iodide  INal)  the 


energy  resolution  is  about  100  thou- 
sand electron  volts  (keV).  or  about  20 
times  finer  than  it  Is  with  magnetic 
analysis. 

Our  Nal  detectors  revealed  some 
hypernuclear  secrets  in  1983  We 
learned  that  the  energy  levels  of  a 
trypcrnucleus  with  one  lambda  par 
ticle  are  vcy  close  to  the  levels  of  the 
^o.t.  the  basic  nucleus  without  a 
lambda  particle.  This  indicates  that 
the  Interaction  has  a  very  small  *pin 
dependence  (the  energy  of  the  Inter 
action  depends  very  little  on  the 
direction  of  spin  of  the  lambda 
particle) 

Knowing  that  the  spin  dependence 
Is  weak,  we  Identified  these  states  as 
core  transitions,  where  the  presence 
of  the  lambda  particle  perturbs  the 
nuclear  core,  causing  changes  In  its 
energy  levels.  We  also  knew  that  the 
spin  of  the  lambda  partide  is  one- 
half,  so  It  is  either  oriented  In  the 
same  direction  as  the  spin  of  the 
core  or  in  the  opposite  direction. 
This  meant  that  the  energy  levels  of 
the  core  have  to  be  split  Into  dou- 
blets, where  two  hypernuclear  levels 
exist  for  each  core  level 

Our  goal  during  1984  was  to  look 
at  the  transition  belween  these  dou 
btet  levels,  to  measure  the  spin 
dependence  of  the  lambda  nucleus 
interaction  directly  Because  we 
needed  even  finer  resolution  than 
Nal  could  provide  we  used  detectors 
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SUMMARY 


During  the  past  year  there  hive  been  several  important  accomplish- 
ments of  the  Laboratory.    Our  serious  effort  to  Improve  the  luminosity  by 
the  use  of  the  3-bunch  "pretzel"  node  has  yielded  nearly  a  factor  of  two 
Increase  In  average  lunlnoslty  of  CESR  with  the  proalse  of  another 
comparable  increase  when  we  go  to  7-bunch  operation.    We  have  made  an 
extensive  and  detailed  survey  of  the  total  e*-e~  cross  section  between 
10.8  and  11.2  CeV  In  the  successful  search  for  other  (upsllon  5S  and  6S) 
resonances.    During  the  last  two  months  of  the  period  we  have  Joined  the 
search  for  the  phantom  seta  particle  which  was  reported  by  the  Crystal 
Ball  group  working  at  DESY. 

The  total  luminosity  supplied  by  CESR  during  the  year  amounted  to  114 
Inverse  pieobarns.    This  was  accompli-    ,d  In  spite  of  the  commitment  of  a 
very  large  fraction  o'  tlrse  to  machine  studies  to  develop  the  multi-bunch 
operating  node  and  to  Install  a  new  vacuum  chamber  and  vertex  detector  In 
CLEO.    Even  with  the  large  time  commitment  for  these  purposes,  the  total 
luminosity  provided  during  the  year  exceeds  that  of  any  ea-'Ier  year. 
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The  now  vertex  detector,  which  was  built  and  Installed  by  the  Ohio 
State  University  collaborators.  Is  operating  extremely  well  and  will 
greatly  improve  the  charged  particle  tracking  In  future  experiments.  At 
th«  saat  tlM  that  th«se  components  were  being  Installed,  the  CLEO  group 
also  installed  new  electronics  Tor  the  drirt  chaaber  which  pemlts  dE/dx 
measurements  on  all  layera.  greatly  Improving  the  efTlclency  ror  ldentl- 
Tying  and  detecting  kmona. 

Our  superconducting  rr  group  made  major  advances  during  this  period 
by  Improved  materials  treatment.    An  accelerating  Meld  gradient  or  about 
15  HeV  per  meter  at  s~band  was  obtained  In  a  5-cell  cavity  which  was  com* 
pletely  equipped  with  higher  order  mode  and  fundamental  couplers  Tor  rull 
operation.    We  believe  this  to  be  a  world's  record  Tor  these  conditions. 
A  test  or  this  cavity  In  CESR  Is  scheduled  Tor  the  end  or  November. 

The  computer  group  continues  to  provide  good  service  In  spite  of 
ever- Increasing  demands.    During  the  past  year,  six  370/C  emulators  have 
been  constructed.    Three  are  currently  in  use  and  the  remainder  will  soon 
be  In  service.    Planning  Is  proceeding  ror  a  major  upgrade  or  the  system. 

CESR 

19o4  was  the  rirat  Tull  year  or  3  bunch  per  beam  running  ror  CESR. 
During  this  year  performance  has  almost  doubled  compared  to  previous  years 
or  Intensive  single-bunch  running.    An  rr  cavity  moCiried  to  avoid  vacuum 
leak  problems  was  Installed  and  has  opertted  ror  more  that',  two-thirds  or 
the  year  with  no  signs  or  trouble.    The  micro-beta  rar<*  earth-cobalt  quad- 
rupole  properties  were  studied  extensively  and  ar*er  extensive  discussion 
and  negotiation  with  vendors  an  order  ror  material  has  been  pieced. 
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A  breakdown  of  accelerator  tlae  distribution  during  the  year  is  shown 
In  Fig.  I.    Unscheduled  down  time  was  a  quite  aodest  fraction  oi'  scheduled 
operating  time;  9S  for  tha  accelerator.  2J  for  experiments.    These  figures 
are  particularly  lapresslve  considering  aultl-bunch  operation  requires 
four  electrostatic  separators  operating  stably  at  all  tines  while  beams 
are  colliding. 
High  Energy  Physics 

The  first  eight  months  of  the  year  vere  spent  scanning  the  energy 
region  above  the  T(*S)  resonance  (10.8-11.2  CeV/c  c.a.).    92  pb~*  were 
accuaulatad,  and  during  this  period  CESR  delivered  as  much  ts  1  pb~*/IR  in 
a  single  day.    Peak  luminosity  hovered  around  2.^  t  10^  cm'2  sec"1  for 
much  of  this  period  (see  Fig.  2)  with  a  maxlaum  of  2.75  x  10*1  achieved 
(averaged  between  the  two  IR's).    For  the  last  two  months  of  the  year  22 
pb  VlR  were  delivered  on  the  T(1S).    Vhlle  peak  lunlnoslty  vas  somewhat 
lower  due  to  the  lower  energy,  aultl-bunch  operation  produced  the  saae 
factor  gain  (1.8)  over  single-bunch  running  as  had  been  Measured  at  higher 
energies.    During  this  later  period  advances  In  injection  resulted  in 
repeatable  filling  Maes  of  *0  minutes  with  30  minutes  b*«ng  achieved  in 
several  fills.      Figure  3  shows  average  Integrated  lumlnosity/IR  in  weekly 
bins. 

Operation  with  «ore  bunches  than  are  conventionally  used  to  match 
the  number  of  interaction  regions  In  a  storage  ring  has  becoae  routine  at 
CESR  and  has  been  demonstrated  to  yield  significant  gains  in  luminosity. 
Th.'s  is  the  first  tine  this  approach  has  been  successfully  used  in  a 
storage  ring  to  increase  lunlnoslty.    Problems  in  working  with  a  vacuum 
chamber  designed  for  single-bunch  operation  and  In  dealing  with  non-linear 
effects,  p»rtlcularly  from  sextupoles,  have  Halted  tha  gain  to  somewhat 
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less  than  ideal  (factor  of  1.8  for  3  bunches).    However,  we  are  confident 
that  we  underatand  these  effects  <ell  enough  to  predict  that  performance 
with  7  bunches  will  reflect  a  factor  of  3  to  3.5  gain  over  single-bunch 
operation. 

In  spite  of  the  increased  currents  associated  with  multi-bunch, 
injection  tines  have  decreased  as  a  result  of  a  greatly  improved  injector, 
eliminating  the  need  for  coalescing.    Further  improvements  in  current  and 
efficiency  during  the  filling  periods  will  maintain  or  improve  the  overall 
duty  cycle  even  with  another  doubling  of  current  with  7-bunch  operation. 
Machine  Studies 

Several  machine  studies  periods  during  were  devoted  to  multi- 

bunch  and  micro-beta  developments.    During  December,  April,  and  October, 
tests  with  7  bunches  per  beam  showed  the  feasibility  of  using  7  bunches 
for  routine  running.    Luminosity  of  over  3  x  1031/IR  was  measured,  and 
filling  times  of  an  hour  or  less  are  consistent  with  performance  during 
machine  studies.    Significant  tine  was  used  during  the  year  to  understand 
the  limitations  resulting  from  aperture  limits  and  non-linear  effects. 

A  week  during  January  was  devoted  to  studying  possible  experimental 
background  problems  associated  with  the  micro-beta  quadruples.  Results 
were  encouraging.    At  this  time  we  also  studied  the  effects  from  the  pres- 
ence of  a  second  RF  cavity  which  will  be  necessary  to  shorten  the  beam 
bunch  length  during  micro-beta  operation.    Results  indicated  no  basic 
problems  in  beam-beam  performance  existed;  however,  appearance  of  a 
quadrupole  transverse  instability  suggests  the  need  of  a  moderately 
sophisticated  feedback  system  for  multiple-bunch  micro-beta  operation. 
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Several  topics  associated  with  luminosity  improvement  were  studied 
during  accelerator  development  periods.    The  primary  instability  encoun- 
tered with  multi-bunch  operation  is  a  transverse  coupled-bunch  instability 
possibly  driven  by  a  low  frequency  impedance  in  CESR.    Theoretical  esti- 
mates and  measurements  of  likely  components  in  the  storage  ring  do  not 
explain  the  observed  beam  behavior.    Several  days  of  machir  i  study  have 
been  devoted  to  understanding  this  instability;  however,  we  do  not  yet 
have  a  plausible  model  for  this  effert.    Thus  far  we  have  been  able  to 
successfully  operate  in  a  7-bunch  morte  using  straightforward  feedback  and 
high  chromaticity  to  provide  heaU-tatI  damping. 

Through  comparison  with  measurements  in  CESR  we  are  confident  in 
using  the  non-linear  tracking  program  DIMAT  (from  K.  Brown  and  R. 
Servranckx)  to  model  manr  effects  in  CESR,  potentially  saving  significant 
machine  time. 

Studies  of  the  effects  of  the  CHESS  wiggler  on  luminosity  indicate 
that  it  may  be  possible  to  use  it  to  control  emittance.    Studies  of 
steering  elements  in  the  CHESS  source  region  and  better  understanding  of 
position  monitors  have  reduced  time  and  confusion  involved  in  maintaining 
stable  beam  positions  for  the  CHESS  users. 

We  discovered  that  proper  manipulator  of  quadrupoles  could  turn  an 
annoying  problem,  residual  vertical  ripple  from  the  vertical  electrostatic 
separators  used  for  injection,  into  an  aid  in  raulti -bunch  injection.  This 
ripple  was  phased  to  provide  several  millimeters  of  vertical  separation  in 
addition  to  the  normal  horizontal  separation  at  the  parasitic  bunch  cross- 
ing points  in  the  arcs.  With  this  new  beam  optics,  10  to  15  minutes  have 
been  cut  cff  our  injection  time. 
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Better  understanding  of  the  compensation  of  the  CLEO  solenoid,  aided 
by  the  DIKAT  program,  has  resulted  in  reduced  vertical  dispersion  genera- 
tion and  better  high  energy  physics  performance. 
Accelerator  Equipment 

After  several  years  of  recurring  problems  with  vacuum  leaks  in  the 
CESR  RF  cavities,  a  unit  was  modified  and  it  has  operated  Mnce  April  with 
no  signs  of  leaks.    A  second  cavity  has  been  modified  and  is  being  baked 
to  reduce  residual  outgassing.    The  third  cavity  will  be  rebuilt  after  the 
second  is  shown  to  be  a  usable  unit.    We  have  supported  a  total  circulat- 
ing current  in  excess  of  150  raA  with  one  rtt  cavity,  reducing  some  concerns 
about  multi-bunch  operation.    Transmit fer  control  circuits  have  been 
examined  and  optimized  for  better  phase  and  amplitude  control. 

k  new  transmitter  for  the  synchrotron  RF  has  been  commissioned.  The 
new  design  permits  changing  klystrons  without  removal  of  the  bean  trans- 
port line  between  the  synchrotron  and  CESR.    Replacement  of  ph^se  shifters 
and  other  low  level  equipment  with  state-of-the-art  solid-state  units  Is 
underway. 

Llnac  reliability  has  been  improved  with  the  installation  of  solid 
state  thyratron  trigger  amplifiers  and  new  klystron  monitoring  equipment. 
New  pumpout  lines  for  the  Linac  vacuum  system  have  reJuced  the  time  to 
rf cover  from  vacuum  work . 

A  test  beam  facility  was  installed  to  allow  300  MeV  positrons  from 
the  LJnac  to  be  used  in  measurements  and  calibration  of  Csl  crystals 
proposed  for  CLEO  II.    This  facility  has  operated  simultaneously  with 
colliding  beam  operation  during  periods  when  the  Linac  was  not  being  used 
to  fill  CESR.    Ther  s  has  been  no  detrimental  effect  on  the  high  energy 
physics  program, 
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Micro-Beta 

During  the  first  quarter,  extensive  tests  on  SmCo^  magnetic  material 
demonstrated  its  suitability  for  use  in  a  storage  ring  such  as  CESR. 
These  tests  included:    reproducibility  of  material  and  quality  control 
capabilities  of  two  potential  manufacturers;  stability  of  the  material 
under  stresses  fron  elevated  temperature  and  externally  applied  magnetic 
fields;  and  ability  to  achieve  a  satisfactory  field  distribution  with  our 
proposed  quadrupole  design. 

In  March  the  first  of  several  discussions  with  potential  manufac- 
turers was  initiated  in  order  to  produce  a  realistic  specification.  This 
process  extended  over  several  months  since  material  suitable  for  precision 
quadrupoles  requires  careful  control  of  many  parameters  during  manufacture 
which  are  normally  unimportant.    An  order  was  released  to  Vacuuaschmelze 
in  October. 

A  serious  concern  with  the  micro-beta  lattice  was  the  possible  need 
for  vertical  trim  separators  since  the  residual  orbit  distortion  (from  the 
vertical  separators  used  for  injection)  would  double  from  the  present  ±3 
ma  to  ±6  mm.    This  perturbation  results  in  coupling  and  reduction  of 
aperture.    Injection  improvements,  careful  placement  of  components,  and 
lattice  optimization  make  it  likely  that  this  expensive  and  raanpower- 
intenblve  Job  can  be  avoided. 

Since  the  rare  earth-cobalt  (REC)  quadrupoles  extend  to  within  0.6 
meters  of  the  interaction  point,  well  within  the  experiment  drift  chamber, 
the  accelerator  physicists  are  working  closely  with  CLEO  physicists  to 
avoid  impossible  restrictions  for  either  group.    A  possible  design  exists, 
but  uany  details  remain  to  fcs  resolved. 
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Estimates  of  luminosity  improvement  from  micro-beta  range  from  1.5  to 
2.5  times  the  pre-mlcro-beta  values.    The  micro-beta,  multi-bunch,  and 
other  operational  Improvements  ir.  aggregate  are  expected  to  produce  lumi- 
nosities in  excess  of  1032  cm*2  sec"1  and  integrated  luminosity  of  2  to  H 
pb"1  per  day. 

CLEO 

Whether  viewed  in  terms  of  data  collection,  data  analysis,  installa- 
tion of  new  equipment,  progress  on  future  improvements,  or  publications, 
this  has  been  another  very  successful  year  for  the  CLEO  collaboration. 

In  the  period  through  mid-June  the  CLEO  group  concentrated  on  data 
collection  in  the  energy  region  above  the  T(«S)  in  a  search  for  new 
hadronic  structure,  with  a  total  Integrated  luminosity  of  72  pb  The 
Initial  analyses  showed  two  prominent  enhancements  in  the  total  cross 
section  an6  in  the  decay  b  anching  ratio  to  leptons  which  may  be  Inter- 
preted as  new  states  of  heavy  constituents  denoted  T(5S)  and  T(6S)  (see 
Fig.  H).    Analysis  is  continuing  on  other  decay  channels  to  Jeam  more 
about  the  nature  of  these  resonances. 

June  and  July  were  devoted  to  the  installation,  debugging,  and 
understanding  of  the  high-resolution  vertex  detector,  the  thin-walled 
beryllium  beam  pipe,  and  the  new  drift  chamber  electronics  which  simul- 
taneously measures  pulse  height  and  drift  time.    We  also  revamped  the 
tracking  trigger  to  be  tiered  (enabling  us  to  make  necessary  trigger 
decisions  In  CESR  7-bunch  running)  and  to  correlate  track  segments  In  the 
various  regions  of  the  drift  chamber  when  forming  tracks. 
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We  are  completing  our  first  data  run  with  these  improvements  having 
collected  15  pb  1  at  the  T  energy  and  now  running  in  the  continuum  below 
the  resonance.    For  this  period  we  installed  a  lead  cylinder  between  the 
vertex  chamber  and  the  main  drift  chamber  of  thickness  10*  of  a  radiation 
length  in  order  to  make  CLEO  a  high-resolution  photon  detector.    Among  the 
goals  of  this  effort  are  (i)  the  verification/denial  of  the  zeta  observed 
at  DESY,  (ii)  a  detailed  measurement  of  the  branching  fractions  of  T  to 
Ygg  and  it,  and  (ill)  a  limit  on  heavy  axion  production. 

The  new  elements  work  very  well  indeed: 

(a)  with  the  correlated  tracking  trigger  CLEO  finally  has  a  high- 
efficiency  two-track  trigger  with  an  acceptable  rate. 

(b)  the  vertex  detector  participates  in  the  trigger  and  has  a 
spatial  resolution  of  90y  for  Bhabhas  ani  110y  for  hadrons.    It  is  very 
efficient  and  provides  an  excellent  veto  in  our  effort  to  find  photons 
which  convert  in  the  lead. 

(c)  the  new  drift  chamber  electronics  has  the  anticipated  dE/dx 
resolution  (o/E  -  87*  per  layer)  and  e/u  separation  (see  Fig.  5);  the  new 
electronics  still  gives  good  spatial  resolution,  namely  for  l65u  hadrons. 
Progress  on  the  Hew  Drift  Chamber 

During  the  past  year  the  endplates  for  the  chamber  have  been  drilled 
and  delivered  to  a  newly  constructed  clean  rocm.    New  methods  for  string- 
ing and  holding  wires  have  been  perfected  and  the  target  date  for  string- 
ing completion  is  June,  1985.    Hybrid  preamp  design  has  clso  been  finished 
and  prototypes  have  been  ordered  for  delivery  by  January,  1985.    These  and 
other  electronic  components  (HV,  pulse  height,  timing,  etc.)  should  be 
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F1g.  5.    Plot  of  dE/dx  of  the  drift  chamber  vs.  momentum. 
The'ordinate  Is  the  mean  of  the  lowest  50  percent  of  the 
pulse  heights  in  the  17  layers  of  wires.   The  separation 
of  the  pi's,  K's  and  P*s  Is  clearly  shown. 
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completed  by  June,  l 985.    We  have  also  decided  on  the  scheme  of  the  trar 
segment  trigger  and  have  started  to  design  it. 

We  presently  plan  to  install  the  completed  chamber  starting  September 
1985  to  coincide  with  the  CESR  micro-beta  installation.    It  will  take 
roughly  three  months  to  remove  the  old  chamber  and  electronics,  install 
the  new  chamber  and  its  electronics,  and  test  the  system. 
CLEO  II  Progress 

The  current  design  of  the  CLEO  II  electromagnetic  calorimeter  calls 
for  8000  Csl  crystals,  each  16  radiation  lengths  long  with  a  total  volume 
of  eight  million  cubic  centimeters.    We  have  begun  acquiring  and  testing 
these  crystals.    We  have  used  radioactive  sources  to  determine  the  output 
light  quality.    In  tests  using  the  160  MeV  positron  beam  of  the  Linac,  we 
have  achieved  an  rms  crystal  resolution  of  JJ*.    We  plan  to  construct  an 
end  cap  calorimeter  using  500  such  crystals  and  install  it  in  CLEO  at  ohe 
same  time  as  the  new  drift  chamber. 

The  other  aspects  of  CLEO  II  are  progressing  as  well.    Two  companies 
have  submitted  detailed  design  studies  for  the  new  superconducting  coil; 
investigations  are  underway  to  acquire  the  necessary  iron  for  the  flux 
return  and  hadron  shield;  tests  are  starting  on  both  the  electronics  and 
the  counter  designs  for  the  muon  and  tlme-of-f light  systems. 

Conferences  with  CLEO  Speakers 

Electroweak  Interactions,  Moriond,  Les  Arcs,  France 
Mew  Particles,  Moriond,  Les  Arcs,  France 
Flavor  Mixing  Conference,  Erice,  Italy 
Instrumentations  Conference,  Novosibirsk,  USSR 
Vanderbilt  Conference,  Nashville,  TN,  USA 
American  Physical  Society  meeting,  Washington,  DC 
Weak  Interactions  Conference,  Madison,  WI,  USA 
Multlparticle  Dynamics,  Lund,  Sweden 
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SURA  Conference,  Virginia,  USA 
Trieste  Conference,  Trieste,  Italy 
International  HEP-XXII,  Leipzig,  GDR 
SI.AC  Summer  Institute,  Stanford,  CA,  USA 
Collisions  Workshop,  Hamburg,  FDR 
DESY  Workshop,  Hamburg,  FDR 
IEEE  Conference,  Orlando,  FL,  USA 

SE  American  Physical  Society  meeting,  Memphis,  TN,  USA 
Division  0'  Particles  and  Fields,  Santa  Fe,  NM,  USA 

Publications  this  Fiscal  Year 

♦  - 

Total  Cross  Section  for  e  e  Annihilation  into  Hadron  Final  States 
in  the  T  Energy  Region 

(with  the  CLEO  collaboration,  R.  Giles  et  al.), 

Phys.  Rev.  D  29,  1285  (1984). 

Observation  of  Radiative  Decays  of  the  T(2S) 

(with  the  CLEO  collaboration,  P.  Haas  et  al.), 
Phys.  Rev.  Lett.  52,  799  (1984). 

A  Search  for  the  £(2.2)  in  the  Upsllon  Region 

(with  the  CLEO  collaboration,  S.  Behrends  et  al.). 
Physics  Letters  J_37B,  277  (1984). 

Limit  on  the  b  *  u  Coupling  from  Semileptonic  B  Decay 
(with  the  CLEO  collaboration.  A,  Chen  et  al.), 
Phys.  Rev.  Lett.  53,  1084  (1984). 

Hyperon  Production  in  e*e    Interactions  in  the  Upsilon  Region 
(with  the  CLEO  collaboration,  M.  S.  Mam  et  al.), 
Phys.  Rev.  Lett.  53,  24  H984). 

Upper  Limit  on  Flavor-Changing  Neutral  Current  Decays  of  the  b 
Quark 

(with  the  CLEO  collaboration,  P.  Avery  et  al.), 
Phys.  Rev.,  Lett.  53,  1309  (1984). 

High  Statistics  Study  of  T(2S)  to  p*p"  T(1S) 

(with  the  CLEG  co) laboration ,  D.  Besson  et  al.), 
Phys.  Rev.  D  30,  1433  (1984). 

Leptonic  Branching  Ratio  of  the  T(2S) 

(with  the  CLEO  collaboration,  P.  Haas  et  al.), 
Phys.  Rev.  D  30,  1996  (1984). 
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SUPERCONDUCTING  RP  PROGRAM 

The  principal  activity  of  the  superconducting  rf  program  has  been 
development  and  construction  of  four  five-cell  1500  MHz  "elliptical" 
accelerating  cavities  for  storage  ring  service.    These  cavities  are  com- 
plete with  integral  waveguides  for  coupling  high  power  into  the  cavity  and 
damping  beam- induced  higher  order  modes  which  would  otherwise  destroy  the 
beam.    A  substantial  fraction  of  the  program  effort  was  devoted  to  deter- 
mining the  higher  order  mode  damplrg  requirements  and  developing  couplers 
which  provided  this  damping  without  degrading  the  performance  of  the  cavi- 
ties.   Three  such  cavities  have  been  completed  and  have  achieved  accel- 

Q 

erating  gradients  of  8.9,  8.0,  and  15.3  MeV/m  at  Q's  of  7  x  10* ,  3.5  x 

Q  Q 

10  ,  and  2  x  10  ,  respectively;  these  gradients  are  significantly  higher 
than  those  previously  achieved  in  multi-cell  storage  ring  cavities  with 
all  coupling  devices  in  place,  at  Cornell  or  elsewhere.    Two  of  these 
cavities  have  been  chemically  processed,  installed  in  the  "horizontal" 
cryostat  for  installation  in  CESR,  and  tested  without  beam  using  a  solid- 
state  rf  amplifier.    In  the  test  in  the  horizontal  cryostat,  both  cavities 

exceeded  3  HeV/m  (limited  by  available  rf  power  because  of  the  strong 

q 

input  coupling),  exhibited  Q  values  at  this  field  of  3.1  x  10'  and  2.3  x 

Q 

10  ,  respectively,  and  could  be  tuned  to  the  correct  frequency  using 
stepping  motors  in  the  liquid  helium.    The  static  heat  load  of  the  cryo- 
stat was  measured  to  be  less  than  7  watts.    This  system,  in  its  current 
state,  will  be  Installed  in  CESR  for  a  test  run  within  the  coming  month. 

Due  to  the  high  fields  being  reached  in  these  cavities,  it  has  become 
impractical  to  protect  personnel  from  x-rays  by  wrapping  cryostats  in 
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lead.    Two  shielded  caves,  with  interlocked  monitors,  are  being  con- 
structed Tor  future  high-field  testing.    Other  facilities  improvements 
have  included  a  new  computer  numerically  contro.led  mill,  which  is  now  in 
regular  use  Tor  making  precision  parts  and  complex  shar  .s,  and  a  clean 
enclosure  around  the  electron  beam  welder,  which  is  expected  to  prevent 
dust  being  included  in  welds,  a  problem  in  the  past,  Trom  being  a  problem 
in  the  future. 

Bunched-beam  instabilities  involving  internal  distortion  or  the 
bunches  due  to  high-Q  resonators  have  frequently  been  predicted  but  have 
never  been  observed  in  electron  storage  rings  with  suitably  adjusted 
lattice  parameters.    Particle  tracking  simulations  snow  that  the  absence 
of  such  instabilities  in  the  case  or  transverse  motion  is  due  to  the 
curvature  or  the  rf  restoring  Torce,  and  the  Landau  damping  which  this 
curvature  provides.    This  is  a  userul  result,  since  Teedback  can  be 
applied  to  rigid  bunch  motion  (ror  which  case  the  Landau  damping  does  not 
apply),  but  it  is  difficult  to  apply  feedback  to  internal  bunch  motion. 

Work  to  improve  the  thermal  conductivity  or  niobium  (and  hence  its 
stability  against  quenches  induced  by  localized  hot  spots)  has  continued. 
Collaboration  with  other  laboratories  and  companies  has  led  to  the  produc- 
tion by  Ames  Laboratory,  Fansteel,  and  Heraeus  or  high  purity  niobium  with 
3  to  5  times  the  thermal  conductivity  of  standard  reactor  grade  niobium. 
Treatment  of  standard  reactor  grade  niobium  with  yttrium  has  also  yielded 
thermal  conductivities  3  times  those  or  reactor  grade  niobium.    A  fourth 
5-cell  cavity  made  of  the  yttrium-treated  Heraeus  material  is  under  con- 
struction (the  cavities  being  used  Tor  our  beam  test  in  CESR  have  3  times 
the  thermal  conductivity  of  reactor  grade  niobium). 
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Initial  studies  directed  toward  further  improvement  in  performance  oV 
superconducting  cavities  and  toward  their  application  to  colliding  linear 
accelerators  have  included  evaluation  of  apparatus  available  for  studying 
surface  properties  of  large  samples,  and  calculations  of  cavity  designs 
suitable  for  producing  high  magnetic  and  electric  fields  on  demountable 
flat  plates  and  for  producing  high  electric  fields  over  large  areas. 
Thermometry  improvements  including  thermometers  with  10  microdegrees 
Kelvin  sensitivity,  vacuum-insulated  thermometers  for  use  in  superfluid 
helium,  and  sensitive  thin-fiire  thermometers  using  a  mixture  of  aluminum 
and  silicon  monoxide  have  been  made. 

Work  has  continued  on  studies  of  benefits  obtained  by  dissolving  a 
surface  oxide  of  niobium  into  a  previously  deoxidized  bulk.    A  factor  of 
two  reduction  in  rf  power  dissipation  has  been  demonstrated  using  this 
method . 

Work  has  also  continued  on  calculations  of  particle  trajectories 
through  groups  of  successively  rotated  laser-powered  grating  accelerators, 
and  of  the  effects  of  fields  induced  by  the  bunch  on  the  dynamics  of  the 
particles  in  the  bunch. 

COMPUTER  FACILITY 

The  DECfystem-1099  ("KL")  computer  continues  to  be  saturated.  For 
the  more  stable  production  analysis  code  for  CLEO  we  have  built  six  370/E 
emulators.    Our  intent  is  to  have  five  running  witK  the  sixth  as  a  spare. 
Currently  three  are  working  and  three  are  in  the  final  stages  of  debug- 
ging.   They  are  attached  via  ETHERNET  to  the  VAX/780  whicn  serves  as  a 
host  and  I/O  server  for  them.    Each  370/E  has  raw  compute  speed  of 
approximately  two  times  that  of  a  VAX/780  or  two-thirds  that  of  the  dual 
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processor  KL  computer.    We  expect  to  have  the  CLEO  "compress*  code  running 
in  the  emulators  very  soon;  this  will  hopefully  relieve  some  of  the 
immediate  burden  on  the  KL.    We  are  starting  to  Investigate  the  idea  of 
"farms"  of  small  but  fast  micro  processors  such  as  the  MicroVAX  to  be  used 
in  the  same  role  as  the  370/E's.    These  would  have  the  advantage  of  being 
much  easier  to  program  since  the  programs  would  be  completely  compatible 
with  our  larger  VAX  systems. 

In  the  previous  year  we  purchased  two  VAX/750  computers  to  replace 
the  tECsytem-1070  ("KI")  computer  which  had  been  used  for  CLEO  on- 1  ins 
data  analysis  and  CESR  control  system.    In  January  the  CESR  control  system 
was  converted  to  the  VAX  (CLEO  on-line  data  analysis  had  been  converted 
earlier)  and  the  KI  was  finally  turned  off  forever,  after  ten  years  of 
service.  Two  more  VAX/750  computers  were  purchased  during  this  year, 
nominally  to  replace  the  CLEO  data  acquisition  PDP-11  /3H  and  provide 
backup  ar.d  development  capabiHty  Tor  CLEO  and  CESR.    We  have  not  yet 
replaced  the  CLEO  PDP-11/3^,  ard  it  looks  as  If  improvements  to  our 
software  may  make  it  possible  to  perform  the  data  acquisition  directly  to 
the  on-line  data  analysis  VAX/750  an^  simply  eliminate  the  PDP-11/31*. 

As  CESR  luminosity  increases ,  we  may  need  two  VAX/7501 s  for  on-line 
data  acquisition,  but,  untii  then,  the  second  ChSR  VAX/750  (and  most  of 
the  backup  and  development  VAX/750)  will  be  used  Tor  accelerator  theory 
calculations.    Tne  VAX/78O  which  was  originally  purchased  primarily  for 
accelerator  theory  will  now  be  used  primarily  for  word  processing  and  CLEO 
software  development.    This  reassignment  of  VAX  functions  seems  to  be 
better  for  everyone  and  allows  us  to  prepare  more  effectively  for  future 
computer  options. 
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None  of  the  VAX/750  computers  were  purchased  with  high  density  6250 
bpi  magnetic  tape  drives  since  they  were  not  available  from  DEC  at  the 
time.    Because  too  many  tapes  are  required  at  lower  densities,  6250  bpi  is 
required  for  backing  up  the  disks.    We  have  now  purchased  four  CDC 
Keystone  streaming  tape  drives  with  Emulex  controllers  and  expect  to  have 
tnem  installed  early  in  the  next  fiscal  year. 

We  have  long  recognised  the  need  for  substantially  pore  general 
purpose  computing  capacity  than  is  available  with  our  current  configura- 
tion.   For  the  last  two  years  we  have  felt  there  were  two  realistic 
approaches  to  solving  these  needs.    One  is  to  assemble  a  "cluster"  of  high 
speed  VAX  systems  sharing  a  common  file  system  and  the  other  is  to  obtain 
a  single  large  IBM  (or  IBH  compatible)  mainframe  computer.    The  major 
advantage  of  the  former  approach  is  compatibility  with  our  current 
hardware/ software  and  flexible  expandability.    The  major  advantage  of  the 
latter  approach  is  that  IBM,  and  its  plug  compatible  competitors,  will 
probably  always  have  single  cpu*s  that  are  more  powerful  than  the  cpu*s 
DEC  will  supply  to  run  in  clusters.    This  means  that  the  number  of  cpu*s 
to  meet  the  total  need  can  t>e  smaller  and  utilization  can  b?  more  effi- 
cient.   It  remains  to  be  seen  which  approach  is  more  cost  effective. 

We  have  issued  a  letter  of  purchase  for  the  recently  announced  DEC 
VAX/8600  system  to  hold  an  early  delivery  slot.    In  early  December  we  will 
be  assembling  an  advisory  panel  of  external  experts  to  help  us  decide 
between  these  or  perhaps  other  directions.      Pending  the  report  of  the 
advisory  panel  we  can  decide  to  accept  delivery  of  the  VAX/8600  or  cancel 
with  no  penalty. 
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Ethernet,  with  DECnet  software,  provides  the  network  environment  for 
users  on  our  VAX  systems.    We  have  Implemented  an  experimental  protocol, 
called  "LAT",  which  runs  on  PDP-11/3*  computers  and  we  are  using  this  as  a 
terminal  server  so  that  any  terminal  attached  to  the  LAT  box  can  access 
any  of  the  VAXes.    An  Important  addition  to  this  was  accomplished  this 
summer  when  we  were  able  to  extend  the  Ethernet  link  to  Newman  Laboratory; 
tf'th  a  LAT  box  at  Newman,  terminal  users  there  can  easily  access  any  of 
the  VAXes  at  Wilson  Lab. 

After  extensive  Investigation  we  have  purchased  the  MASS-11  software 
package  for  word  processing  at  the  Laboratory.    This  package  runs  on  VAXes 
and  DEC  Rainbow  personal  computers  and  provides  "what-you-see-ls-what-you- 
get"  editing  of  documents  with  equations  and  Greek  letters.    It  Is  now 
being  used  extensively  for  document  preparation  by  physicists  and  secre- 
taries and  has  been  generally  successful.    To  overcome  the  bottle-neck  of 
typing  the  output  on  relatively  slow  Diablo  630  ECS  daisy  wheel  printers, 
we  plan  to  acquire  a  laser  printer  which  will  also  be  able  to  do  graphics 
output.    To  provide  terminals  which  are  capable  of  displaying  the  Greek 
letters  and  mathematical  symbols  we  have  started  purchasing  DEC  VT220 
terminals  which  have  downline  loadable  font  capability. 

The  PDP-11/3*  computer  that  was  used  for  CLEO  hardware  and  software 
development  has  been  Incorporated  Into  the  crystal  testing  facility  for 
the  CLEO  II  calorloeter.    This  facility  uses  the  new  Llnac  test  beam  and 
has  been  successfully  used  In  evaluating  the  cesium  Iodide  crystals  that 
have  been  delivered  so  far. 
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SSC  ACTIVITIES 

During  the  past  year*  several  individuals  in  the  Laboratory  have  been 
Involved  in  activities  connected  with  the  national  Superconducting  Super 
Collider  program.    In  July,  1983.  the  High  Energy  Physics  Advisory  Panel 
of  the  Department  of  Energy  named  as  the  highest  priority  of  the  high 
energy  physics  community  research  and  development  leading  to  the  construc- 
tion of  a  proton-proton  colliding  beam  facility  at  an  energy  of  10  to  20 
TeV  per  beam. 

Prof.  Maury  Tigner  has  played  a  major  role  in  this  activity.    Tn  the 
period  from  January  to  May,  he  led  i.n  ad  hoc  Reference  Designs  Croup  (150 
participants)  to  develop  an  improved  cost  estimate  for  such  a  facility. 
This  was  a  very  successful  effort  which  eventually  led  the  Department  of 
Energy  to  commit  $20  M  of  funds  for  R/D  for  FY.  1985.    These  funds  have 
been  assigned  to  the  Universities  Research  Association  to  act  as  contrac- 
tor.   A  sub-board  called  the  SSC  Board  of  Overseers  has  been  established 
to  supervise  these  activities.    Prof.  McDaniel  has  been  appointed  Chair- 
man of  this  Board.    He  has  been  relieved  of  his  teaching  obligation  to  the 
Department  of  Physics  to  take  up  this  activity.    One-quarter  of  his  salary 
is  now  paid  by  URA,  one-quarter  by  the  Department  of  Physics,  and  one-half 
by  the  HSF  CESR  contract. 

To  carry  on  the  Research  and  Development  activity  a  Central  Design 
Croup  has  been  established  at  the  Lawrence  Berkeley  Laboratory  under  the 
Direction  of  Prof.  Tigner.    Prof.  Tigner  has  been  granted  a  three-year 
leave  of  absence  from  Cornell  University  in  order  to  assume  the  direction 
of  this  activity. 
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A  few  other  members  of  the  Laboratory  have  also  been  involved  in 
occasional  SSC-associated  activities.    Professors  Gilchriese  and  Hartill 
have  been  involved  in  early  discussions  of  detector  planning  while  Prof. 
Robert  Siemann  and  Dr.  Nari  Mistry  have  had  relatively  minor  involvement 
in  serving  on  SSC  committees. 
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Financial  Statement 
(Annual ) 


The  commitments  for  the  period  are  $11,826,137  bringing  the 
committed  to  date  to  $36,115,418.    The  free  balance  is  $768,176. 
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£0UIPH£NT 

CESR  Operations 

Purchased  Equipment 
•Fabrlcattd  Equipment 

CLEO  Equipment 

Purchased  Equipment 
•Fabricated  Equipment 

COMPUTER 

Purchased  Equipment 
•Fabricated  Equipment 

SUPERCONDUCTING  RP 
Purchased  Equlpoent 
•Fabricated  Equipment 

TOTAL  EQUIPMENT 

•Includes  salaries  with  associated 
fringes  and  Supplies  and  Materials 

OPERATIONS 

Salaries  &  Fringes  -  CESR 
Salaries  &  Fringes  -  Admin. 
Materials  &  Supplies 
Electric  Power 
Other  Expenses 

Telephone 

Freight 

Domestic  Travtl 
Foreign  Travel 
Assembly  &  Storage 
Computer  Malnt.  S  Repair 
Consultants 
Publ (cations 
Miscellaneous 

Indirect  Cost 

VOTAI  HPFPATlOfK 


Bud'jet 
$  2,794,400 

991,000 

1,803,400 
$  2.536,037 

1,718,824 
817,213 
S  2  ,091.500 

1,769,000 
322,500 

S  i, 533, 700 

1,137,000 
1,396,700 

S  9,955,637 


$  4,593.700 


$  973,100 
$  1,711,000 
S  3,573,500 
S  1,886,100 
C7,000 
31,100 
204,800 
45,100 
62,200 
953,500 
36,000 
10,100 
456,300 

S  3,016,300 
$  1 A  w  700 


CoRmltted 

»o  Date_ 


S  2,633,798 

978,399 
1,655,399 

J  2,921,327 

1,619,415 
1,301,912 

f,  1,329,911 

1,097,012 
232,899 

S  2,216,863 

906,077 
1,310,786 

$  g,  101, egg 


Comal  t  ted 
this  period 

S  1,250,710 

235,607 
1,015,103 

S  2,260,983 

1,190,859 
1,070,124 

t  345,585 
263,877 
81,708 

S  889,889 
269,691 
620,193 


4,600,107 

1,017,517 

1.765.307 

3,500,037 

1.830,650 

93.167 
35.546 

224,167 
26,636 
47,775 

910,796 
18,075 
10,374 

464,114 

S  3,892,942 
S  16,606.560 


lnaa 


Free  Balance 

S  .160,602 

12,601 
148,001 

J (385,290) 

99,409 
(484,699) 

j  761,589 
671,988 
89,601 

$  316,837 
230,923 
85,914 


j  4,747,167 

I 

853,738 

S  1,179,663 

% 

(6,407) 

$  296,807 

(44,417) 

t  464,785 

s 

(54,307) 

S  827,040 

s 

73,463 

$  511,707 

s 

55.450 

29,067 
11,672 
81,  522 
3,807 
12,302 
228,368 
2,600 
2,235 
140,134 

(6,167) 
(4,446) 
(19,367) 
18,464 
14,425 
42,704 
17.925 
(274) 
(7,814) 

j  1,280,111 

s 

(76.642) 

t  4,560,113 

t 

(52.860) 
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III.  RESEARCH 

Salartis  &  Fringes  -  CLEO  Research 
Salaries  &  Fringes  -  CLEO  Support 
Salaries  &  Fringes  -  Super  RF 
Katerlils  &  Supplies  -  CLEO 
Materials  &  Supplies  -  SRF 
Katerlils  &  Supplies  -  Computer 
Other  Expenses 

Docncstlc  Trivel 

Foreign  Trivel 

lublkatlons 
Indirect  Cost 
TOTAL  RESEARCH 

GRAHO  TOTAL 


S  1,934,300 
$  1,505,200 


1  ,369,900 
974,000 
1,082,219 
131,500 
140,600 
92,500 
41,500 
6,600 
*  3,236,538 
$10,374,257 

$36,883,594 


ERLC 


IPO 


Counted  Comittted 
to  Date  this  pe. lod  Frei  Balance 


$  1,978,192 

526,533 

%  (43,892) 

341,755 

$  32,140 

J  1,356,114 

191,509 

J  13,786 

J  961.939 

245,658 

I  12,061 

J  1,045,265 

178,591 

$  36,954 

J  163,306 

54.919 

J  (31,806) 

$  174,768 

77.079 

$  (34,168) 

106,906 

39,136 

(14,406) 

61,131 

35,287 

(19,631) 

6,731 

2,656 

(131) 

J  3,254,315 

i 

902,813 

$  (17,777) 

S 10,406,959 

s 

2,518,857 

*  (32,702) 

$36,115,418 

-, 826, 137 

J  768,176 

o 


V.  SALARY  t  SALARY  RELATED  BY  POSITION 
„  CESR 
Casual 


ACUITY 

>r.  Rts.  Assoc. 
Us.  Assoc. 
>k*d.  Res.  Asst. 

ECXXtCAl 
DMNtSTXATIVE 

*0TAl  SALARY 
SINGE  BENEFITS 
.{DIRECT  COSTS 
"OTAL 


Of  RAT  IONS 
)M.M0 
H.H7 

252.281 

209.772 
2, 859,54) 

3.714.20) 
WJ.90* 
2.549,997 
7.1S0.1C4 


2).072 


720.  HI 
201. M  J 


Aotun. 


802,069 
802.069 

ns.m 

S4MS1 
1,579.474 


.Com*>. 

C&LLIAL 


7.917 
2.690 


US.  9*9 
17.112 


229.2)4 
352 .179 

69)  .25) 

400. 1J7 


1.474.604 
»).)68 
1.065. 16  J 
J.064.JSS 


Res. 

$UffQRI 
75.164 
IS. 410 
91  719 

1.006. 32) 

1 .186.614 
214.444 
Ml  ,174 

2.304,4)4 


XLEO 

CAPITAL 


82.276 
1)7.706 


444.504 

129,806 


SB 

D.790 
14). 402 
249.5)2 

91.)29 
599.0)2 


1,097.285 
251.829 
767,049 

2. 12). 14) 


,  SRF 
Capital 


102.215 
JOS. 41 1 


814.977 
227,540 


Total 
472.  e)0 

764.6)7 
1.819.66) 
701 .2)3 
S.8M.)61 
802,0(9 
10.614.798 
2.S42.U4 
5.794.7M 
16.955.928 
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